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TN the following pages I have endeavoured to give a sys- 
tematic account of the Glacial Epoch, with special reference 
to its changes of climate. My intention at first was to restrict 
myself to a brief description of British glacial and postglacial 
deposits, for the purpose of pointing out the general succession 
established, or in process of being established, by geologists in 
this country ; and, thereafter, of drawing some conclusions as 
to the position in the series of the palaeolithic gravels, &o., of 
southern England. But I eventually found, that in order to 
make my argument intelligible to non-specialists, it would be 
necessary to describe in detail some sufficiently large area, in 
which glacial deposits might be considered as typically deve- 
loped. It is for this reason that I have entered so fully into 
the geological history of glacial and postglacial Scotland. In 
delineating the post-tertiary geology of that country, I have 
been enabled to discuss many elementary matters, which are, 
no doubt, sufficiently familiar to my fellow-hammerers, but 
which a general reader could hardly be expected to know. In 
short, while treating of the Scottish deposits, I have endea- 
voured to explain the mode of investigating, and the principles 
of interpreting glacial phenomena. I also thought that by 
confining detailed sketching to the glacial history of a well- 
defined region, it would be possible to convey to the reader’s 
mind a more vivid impression of what the Glacial Epoch really 
was, than if I ventured to take a wider canvas. But my chief 

aim throughout has been to indicate the succession of climatic 
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changes that obtained during tbe Glacial Epocb — not in Scot- 
land alone, but in every glaciated region wliicb lias been care- 
fully studied by geologists. For I liave long been of opinion 
that until this bas been done, until we clearly understand wliat 
tbe succession of changes during tlie Ice Age was, it is pre- 
mature to speculate upon the geological age of those deposits 
wbicli jdeld the earliest traces of man in Britain. The great 
dijfference that obtains between the fauna of undoubted post- 
glacial and recent beds in Scotland, north of England, Wales, 
and Ireland, on the one hand, and the cave-deposits and palaeo- 
lithic gravels of southern England on the other, has long been 
a puzzle to me, as it has, no doubt, been to other geologists. 
But it was not until years had been spent in the study of the 
glacial deposits that what I conceive to bo the true explanation 
of the difficulty dawned upon me. 

Geologists are aware that the postglacial age of the cave- 
deposits has not infrequently been called in question. Dr. 
Buckland, Mr. Godwin-Austen, and Professor Ilainsay, have 
each expressed a belief that some of our cave-deposits may date 
back to preglacial times ; and Mr. Godwin-Austen long ago 
pointed out that the sub-aerial beds of the English Channel 
districts were the equivalents of the glacial deposits elseAvliere ; 
and that the broad alluvia of our more southerly rivers, such as 
the Severn, the Fal, the Dart, and the ThanieSj belong to a 
period prior to the great submergence, during which the high- 
level marine* drifts of Wales w^ere accumulated. In other words 
he showed that these river-gravels could not be referred to post- 
glacial times. Within more recent years a modification of Mr. 
Godwin-Austen's view has been energetically put forward by 
Mr. W. Boyd Dawkins, who is of opinion that our paleolithic 
deposits belong to a time subsequent to the great submergence 
just referred to. He holds that man and the extinct mammalia 
lived in the south of England at a period when Scotland, 
Wales, and the northern districts of England were covered with 
ice and snow, and when our summers w^ere warm and our 
winters very severe. Other geologists, however, as Mr. Brest- 
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wiclt, liave contended that we have no evidence of warm siun- 
mers having obtained during palaeolithic times; while, yet 
others have, on the contrary, thought the evidence pointed to a 
considerably warmer climate than we now enjoy. Sir G. Lyell 
gives two explanations of the facts, and thinks the commingling 
of arctic and southern forms of animal life, may point either to 
a period of strongly-contrasted summers and winters, or to 
fluctuations of climate ; but he is clearly of opinion that all the 
palaeolithic gravels belong to postglacial times. The Rev. 0. 
Fisher has described a deposit, called by him trail, which he 
believes to be the product of land-ice ; as it overlies in places 
paheolithic deposits, he considers that a glacial period has 
intervened since the disappearance of palseolithic man. Mr. J. 
Groll has referred to the apparently conflicting evidence of the 
mammaliferous deposits, as an indication of former changes of 
climate, and this is the view which Sir J. Lubbock inclines to 
support, and which is advocated in these pages. I have, how- 
ever, ventured an explanation of the peculiar distribution of 
palceolitbio gravels, differing from any previously advanced. 
If one of these gravels in my opinion are postglacial, but all 
must be relegated to preglacial and interglacial times. Their 
absence from the noi'thern districts I account for by shomng 
that they have been swept out of these regions by confluen. 
glaciers, and by the sea during the period of great subiiiergencet 

These views I first broached during the discussion that fol- 
lowed upon the reading of an interesting paper by Mr. W. 
Boyd Dawkins, at the Edinburgh meeting of the British Asso- 
ciation in 1871. Bnt as the time allowed for discussion at 
these meetings is necessarily short, I was unable to do justice 
to my views ; believing them, however, to be worth attention, I 
gave an outline of them in a series of monthly articles in the 
Geological Magazine^ the first of which appeared in the number 
for December, 1871. These articles I subsequently collected, 
and re-issued ■with some additions and rearrangements in the 
Slimmer of the year following. 

As far as I know, these papers were the first attempt to 
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•prove, by correlating glacial deposits, ‘ that tbe palinolitbic 
gravels of soutbern England could not be of postglacial age, 
but ongbt to be referred to interglacial and preglacial times. 
They also bring forward, for tbe first time, reason to show that 
a wide land-surface existed in tbe British area after tbe dis- 
appearance of tbe ice-sbeets, and before tbe period of great 
submergence bad commenced. 

Tbe recent discovery of human remains in tbe Victoria Cave, 
where, as Mr, Tiddeman has shown, tbe deposits are overlaid 
by a glacial accumulation, is direct evidence in corroboration 
of the conclusions which I bad previously arrived at and 
published. 

In tbe preparation of this volume I have availed myself of a 
number of papers, communicated from time to time to various 
scientific societies and publications, and in fact tliese cbopters 
may be considered as only an expansion of the articles ^^ On 
Changes of Climate during the Glacial Epoch, wliicb first 
appeared in the pages of tbe Geological Magazine. 

It would be unbecoming in me, if I did not bore acknow- 
ledge tbe obligations I am tinder to the writings of those who 
have preceded me in describing tbe glacial deposits of Scotland, 
more especially to tbe successive publications of Messrs. Mac- 
laren, Chambers, Jamieson, and A. Geikie. I bad hoped to bo 
able to append a list of works by these and other autbors, 
relating to tbe glacial and postglacial geology of tbe British 
Islands, together with such foreign papers as I bad come 
across in tbe course of my reading; but after making soiiie 
progress, I was reluctantly compelled to abandon my design, 
as the list threatened to form quite a volume of itself. 

To my colleagues on the Geological Survey of Scotland, I 
am indebted for much valuable assistance, willingly rendered. 
Of these, my old friend, Mr. B. H. Peach, supplied me with the 
highly characteristic sketches of striated stones, and tbe 
beautiful views of Loch Doon, and tbe Oarse of Stirling ; while 
from the facile pencil of Mr. H. M. Skae, I received the fine 
drawing of the Coolin Mountains, and the illustrations of 
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Alpine, Arctic, and Antarctic scenery wHcli adorn these pages, 
Mr. L. Jack also kindly furnished me with the map and 
sections of Loch Lomond, and with the chart showing the 
physiography of western Scotland that would appear upon an 
elevation of 600 feet. To the same oHiging friend I am 
likewise indebted for many practical hints and suggestions 
during the progress of my work through the press. Mr. R. 
Etheridge, Jun., has enhanced the value of these pages by the 
long list of organic remains which is given in the Appendix ; 
and has, moreover, laid me under many obligations by the 
trouble he has taken to verify references and consult libraries, 
of which my absence from town on official duty would other- 
wise, in many cases, have prevented me availing myself. 
Mr. J. Oroll, Mr. J. Horne, and Mr, D. R. Irvine, have also 
obliged me with a number of glacial notes. 

To several of my colleagues on the English Greological 
Survey, I have likewise to render my acknowledgments. Mr. 
A, H. Green furnished me with a long series of notes relating 
to the glacial deposits of England, which, however, the limits 
I had set for myself have not allowed me to make use of. But 
I hope my friend may himself be induced to give some general 
account of the post-tertiary deposits of England* — a work which 
would be of essential service to the students of glacial geology. 
Mr. Green was also good enough to read over the proofs of 
Chapter IX., and to suggest a number of improvements and 
additions which I have gladly incorporated with the text. Mr. 
Etheridge examined for me several lists of shells from the 
pliocene sands ’’ of northern Italy, and his opinions and advice 
have been of great assistance. I am also indebted to Mr. 
Whitaker for a diagram-section and notes, relating to the 
gravels of the Thames valley. 
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rilHE three years whicli haye elapsed since the publication of 
this work have added considerably to our knowledge of 
the Gflacial Epoch, and it has been gratifying to me to find that 
the new facts disclosed have very materially strengthened my 
general argument. It becomes increasingly evident that the 
Epoch in question was not one continuous Age of Ice, but con- 
sisted rather of a series of alternate cold (glacial) and warm or 
genial (interglacial) periods ; and the facts as they multiply 
make it clearer than ever that the ancient ossiferous and palaeo- 
lithic gravels and cave-deposits of England cannot he assigned 
to a later date than the last genial interval of the Ice Age, 
while some portion of them certainly belongs to earlier inter- 
glacial and even perhaps to preglacial times. The recent most 
important and interesting discovery by Mr. S. B. J. Skertchly of 
palaeolithic brick-earth underlying the chalky boulder-clay near 
Brandon, puts it beyond doubt that man lived in Britain as 
early at least as that interglacial mild period which preceded 
the climax of glacial cold. 

In the first issue of this work many points of interest con- 
nected with the glacial accnmulations themselves were purposely 
left untouched, attention having been directed chiefly to those 
facts which served to illustrate the general climatic conditions 
that obtained during glacial and postglacial ages. Some of the 
points in question, however, appear to me now to have a more 
direct hearing upon the general argument of these pages than I 
formerly supposed, and the oj)portu'aity of the present re-issue 


xiy 


PREFACE, 


lias tlierefore been taken to discuss these in such detail as 
seemed desirable. For the conyemence of those who have 
perused the first edition, and who may wish to see what noveh 
ties appear in the present volume, I may note here some of the 
chief additions and alterations. , , 

Considerable changes have been made in several of the 
chapters relating to Scotland. The account of the till has been 
revised, and such details added as appeared to illustrate more 
fully the mode in which that deposit has been accumulated. I 
formerly attempted to restrict the term hotdder-clay to morainic 
deposits in which indications of marine action were more or less 
well-marked; while the term till was applied exclusively to 
masses of stony clay in which traces of sea- work were wholly 
wanting. But although care was taken to state that the one 
kind of deposit frequently passes or shades into the othci’, and 
that both had evidently been formed by the grinding-action of 
land-ice, yet I find that my attempt to modify our terminology 
has only led to misapprehension. I have, therefore, given it up, 
and now use the words till and houlder-elay as strictly synony- 
mous, and signifying merely a deposit which owes its origin 
more or less directly to the grinding-action of glaciers. Further 
descriptions of the Scotch interglacial beds have been given, 
and the shelly tills or boulder-clays bave been treated at some 
considerable length. The origin suggested for most of these 
deposits is in the main the same as that which Dr. Croll was 
the first to advance in regard to the shelly till of Caithness ; 
hut personal observations in the Outer Hebrides and the north- 
west of Scotland have enabled me to bring forward certain 
evidence in connection with the subject which seems to throw 
not a little light on the conditions that obtained in Scotland 
prior to the advance of the last ice-sheet. 

I formerly maintained that the gravel and sand of the 
^^kame series’’ was undoubtedly of fluviatile and torrential 
origin; hut T also held, in common with many geologists, that 
these deposits were subsequently modified during a period of 
considerable submergence of the land. I now advance a step 
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furtter, However/ and ag witH Mi% Jamieson tHat tHe sea 
Has not Had any sHare in tHe formation of tHe kames. Detailed 
work in tHe valleys of tHe Tweed and tHe Tay, and explorations 
in tHe maritime districts of tHe nortH» west HigHlands, Have 
convinced me tHat Mr. Jamieson is rigHt in concluding tHat no 
great submergence Has overtaken Scotland since tHe close of 
tHe Glacial EpocH. It will be seen tHat this modification of my 
views in regard to Scotland Has enabled me to bring tHe glacial 
deposits of tHat countiy into mucH closer relationsHip witH 
tHose of England, and to present a classification wHicH is alto- 
getHer more satisfactory. 

THe account of tHe glacial deposits of England Has been 
almost entirely re-written, and embraces tHe results of recent 
personal observations in tHe eastern and nortH- eastern counties. 
In tHe former edition I sougHt to sHow tHat all tHe evidence led 
up to only one conclusion : to tHis, namely — tHat wHile tHe 
ossiferous and palaeolitHic gravels, &c., clearly rested upon and 
were tHerefore younger than tHe early glacial deposits of tHe 
eastern counties, tHey were, nevertHeless, overlapped by, and 
consequently belonged to, an older date tHan tHose younger 
accumulations of glacial origin wHicH cover sucH wide areas in 
tHe nortH of England, in Wales, and in Scotland. It is true 
I could point to no actual section in England wHere tHis 
inferred overlap was visible ; and However cogent and 
unanswerable my argument migHt appear to be, I was yet well 
aware tHat to certain minds nothing short of such an actual 
section would suffice for a demonstration. From wHat I Had 
already seen of the drifts of the nortH-eastern counties, I cer- 
tainly Hoped that a section of the kind desiderated would ere 
long be discovered, and I Have not been disappointed. During 
a recent visit to the south-east of Yorkshire, I found that 
certain gravel-beds which Have yielded mammalian remains 
and myriads oi Oyrena fluminalis and other shells, and which 
are acknowledged to be of more recent date than the great 
chalky boulder-clay of the eastern counties, are covered by a 
mass of unstratified till or boulder-clay in such a way as to 
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stow ttat the till in question is a true momme profonde. In 
otter words, ttis section demonstrates ttat after tte deposition 
of tte ossiferous grayels and O^/re/jra-teds a great ice-steet 
stretcted soutt as far at least as tte valley of tte Humter, 
wtere its tottoin-moraine may now be seen overlapping upon 
deposits wtict are clearly representative of tte Oyrena-h^diB 
and palseolittio gravels ttat occur fartter to tte soutt. 

Mr. Ilardman^s investigations in Ireland tave enabled me to 
add sometting to tte account of tte interglacial and late glacial 
deposits of ttat country. 

Tte ctapter relating to tte Swedish glacial deposits tas 
been revised and brought up to date, tte chief additions being 
some references to the occurrence of interglacial freshwater 
deposits and an account of Mr. D. Iluiiimel’s theory of tte 
origin of tte dsar. 

Tte principal item of interest mentioned in tte revised 
description of tte glacial deposits of Switzerland is the recent 
discovery of traces of man in tte Dilrnteii interglacial beds. 

Tte account of tte Italian glacial deposits tas been trans- 
ferred from tte Appendix to tte text, and some details liave 
teen added., Ttese latter refer etiefly to tte very remarkable 
exposure near Como of deposits containing characteristic 

pliocene shells commingled with striated stones. 

Tte glacial deposits of North America are discussed in much 
greater detail than before, attention being specially directed to 
the evidence bearing upon tte former existence of interglacial 
periods. For a number of MS. notes relating to tte North- 
western States, my thanks are due to Professor N. II. Wiiictell, 
State Gfeologist of Minnesota, 

The concluding chapters, treating of the ossiferous and 
palaeolithic deposits, the climatic conditions of pleistocene 
times, &c., remain much as they were originally written ; but 
they now include an account of the glacial and interglacial 
deposits of the Fenland, for which I am greatly indebted to my 
friend and colleague, Mr. Sydney B. J. Skertchly, and to 
which I would direct the special notice of English geologists. 
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TMs account, I siiould mention here, is merely an outline-sketcB. 
of the results ohtained by my colleague during his survey of 
the Fenland; the full details of his work being given in the 
official memoir, ^^The Q-eology of the Fenland/^ 

The fox’egoing are among the more important additions and 
changes, but I have altered and added freely wherever it 
seemed advisable to do so, in order either to elucidate the line 
of argument pursued or to present a more complete picture of 
the physical and climatic conditions of glacial and postglacial 
times. 

A number of new woodcut illustrations have been inserted : 
I have also borrowed from Dr. Groffs Climate and Time,^’ a 
chart illustrative of the direction of ocean currents and winds ; 
and from the ^^P^eport of the Q-eological Survey of Ohio,^^ a 
sketch map of North America, indicating the main lines of 
glacial striae. The map showing the submerged rock-basins of 
Scotland has been extended so as to embrace the area of the 
Irish Sea ; and the general map of Scotland, showing the direc- 
tion of the glacial striae, has been brought up to date, thanks to 
the assistance of my colleagues in Scotland. 

I am much indebted to Mr. E. Etheridge, jun., who has been 
good enough to revise the valuable list of organic remains 
occurring in the glacial deposits of Scotland, which he drew’ up 
for the first edition. My acknowledgments are also due to 
several of my English colleagues : — to Mr. Whitaker, who 
pointed out to me a number of characteristic sections of drift in 
Suffolk, and readily furnished me with many interesting notes 
relating to the glacial deposits of the eastern districts of Eng- 
land; and to Mr. H. B. Woodward, for similar assistance in 
Norfolk. Mr. S. B. J. Skertchly took me over the famous 
palaeolithic districts round Brandon, and pointed out to me the 
evidence which has led him to conclude that the palaeolithic beds 
which overlie the great clalky boulder-clay cannot be assigned 
to a later date than the last interglacial period. To the same 
friend I am much indebted for the excellent account of the 
chalky till which appears in Chapter XXIX. ; he also foiwarded 
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me some notes of his recent great of human imple- 

ments below that till; immediately after the discovery was made ; 
but they reached me too late for more than brief notice in a 
'^postscript/’ Professor Hull has obliged me with some notes 
and a section illustrative of the drift deposits of Ireland : and I 
am under many obligations to those foreign geologists who have 
been good enough to furnish me with early copies of their 
papers, &c., some of which I should not otherwise have been 
able to obtain ; for even the best of our scientific libraries are 
not always " up to date/’ 

Geological Survey, Perth, N.B., 

AuffUif, 1876 . 
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IT'iHE earlier students of tlie physical history of our earth 
considered that a great gap or strongly-defined boundary- 
line separated the Present from the Past. Some mighty 
convulsion of nature was believed to have marked the close 
of the geological ages, and to have preceded the advent of 
man and the introduction of the plants and animals Avith 
which he is associated. It was hardly doubted that the 
present distribution of land and water over the earth’s 
surface dated back to a time anterior to the coming of our 
race, and that when man first entered Britain he had to cross 
seas that still roll between us and the Continent. In short, 
it was held that within the human period only a few minor 
changes had been efiected in the physical aspect of our 
country. It was admitted, indeed, that large areas of forest- 
land had been displenished, that considerable tracts of peat- 
moss had grown, and that here and. there, where the coasts 
w^'ere formed of incoherent materials, the sea had made some 
inroads ; but no one supposed that greater changes than 
these had come about since the first occupation of Britain. 

Subsequent research, ho’wever, has overturned many of 
these opinions, and widened our views in regard to the 
magnitude of the physical changes of which man has been 
a witness. Not only have great oscillations of climate 
happened wuthin the human period, but the distribution 
of land and sea also has undergone very considerable modi- 
fications. Seas have vanished and returned, wide areas of 
land have appeared and disappeared— broad valleys have 
been hollowed out of solid rocks by running water. It is 
from a knowdedge of these and similar facts that geologists 
arrive at their estimate of the antiquity of man, and have 
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THE GREAT ICE AGE. 


assured themselves that no mighty convulsion of nature 
separates the- human period from the earlier ages — the 
deposits which were at one time looked upon as the sure 
evidence of such a “break in the succession” being now 
recognised as only so many links in the chain that binds 
the present to the past. 

The study of these deposits has unfolded a deeply- 
interesting and almost romantic history. We are introduced 
to scenes that are in strangest contrast to what now meets 
the eye in these latitudes : geographical and physical 
changes of the most stupendous character pass before us ; we 
see our islands and northern Europe at one time enveloped 
in snow and ice ; at another time well wooded, and inhabited 
l:iy rude tribes of men and savage animals ; now the Britisli 
Islands are united to the Continent — again, the sea prevails, 
and a large part of Britain is ovenv'hehned beneath the 
waters of the ocean, across which ere long float rafts and 
bergs of ice. To these succeed vast confluent glaciers which 
overflow a large portion of the British area and usurp the 
bed of the sea. Yet again, we behold the great ice-fields 
vanish away, and Britain once more becoming continental, 
and repeopled. Finally, Ave follow the AA'orking of those 
physical influences by which at last the present order of 
things is brought about. 

Those who hear of this history for the first time may Avell 
be excused if they Hsten with some incredulity. It seems 
difficult to understand how the records of such extraordinary 
events could be preserved ; or how, having been preserved, 
geologists are able to interpret them. Yet there is really no 
mystery about the matter. Difficulties undoubtedly do arise, 
and sometimes problems suggest themselves, . for Avhich it is 
hard or even impossible at present to find a solution. Never- 
theless the Avhole matter resolves itself into a question of 
circumstantial evidence. The facts are patent to every one 
Avho wiU take the trouble to examine them, and the inter- 
pretations adduced by geologists are capable of being attested 
by an appeal to what is actually taking place in the Avorld 
around us. In the following pages, therefore, I propose 
to give an outline-sketch of the evidence, mentioning only 
such details as may serve to bring the salient points clearly 
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before tlie mind, and endeavouring at the same time to put 
the reader, who may chance to be not specially skilled 
in geology, into a position to judge for himself as to the 
reasonableness of the explanations advanced. 

The earlier pages will be occupied with an account of 
the later chapters in the geological history of Scotland. 
We shall trace out the succession of events, that marked 
the origin of certain loose and incoherent materials which 
overlie the solid rocks of that country, and are represented 
by similar aceiimulations covering vast areas throughout the 
northern regions of our hemisphere. The consideration of 
the Scottish deposits Avill naturally lead us to inquire into 
the principles upon which these and their equivalents in 
other lands must be interpreted. We shall then describe 
in succession the superficial accumulations of other portions 
of the British Islands, of Scandinavia, of Central Europe, 
and of North America, for the purpose of ascertaining how 
far the conclusions arrived at by geologists in different 
countries harmonize with each other. Having traversed 
this wide field of inquiiy, and become aware that the 
deposits, which were at one time slumped together and 
vaguely believed to represent a period of wild cataclysms 
and convulsions, are really the records of a long series of 
changes, each of w'hich flowed as it were into the other, we 
shall finally take up the subject of the antiquity of man. 

In considering this difficult but important and interesting 
question, it will be necessary to treat first of the special 
evidences which have been adduced by archaeologists and 
geologists, to prove the great age of our race. Thereafter 
we shall endeavour to determine what is the exact position 
in the geological history of those deposits which contain the 
very oldest traces of man. Our aim, in short, will be to 
cliscover, if possible, at what stage during those great 
climatic and geographical revolutions, which shall have pre- 
viously engaged our attention, man certainly occupied Britain. 
If we are able to determine this point, we shall have paved 
the way for eventually arriving at some approximately 
definite estimate of the antiquity of man in Western Europe. 
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GLACIAL DEPOSITS OF SCOTLAND, — THE TILL OE BOULDEE- 

CLAY. 

General distribution of Superficial formations.—Till or boulder-olay, the oldest 
member of tbe series.— How this is proved.— Cbaraoter of tbe till.— Stones 
in the till.— IJnfossiliferous character of the till.— Till developed chiefly upon 
the low grounds.— Its aspect in upland valleys.— “ Sowbacks ” or dimms 
of till— “ Crag and tail.” — Smoothed and broken rocks below till.— Con- 
figuration of mountains and hills. — Lines of stones in till.- — Subjacent and 
intercalated beds.— Character of boulder-clay or till which overlies them.— 
Eesume. 

T hroughout the length and breadth of Scotland occur 
numerous scattered heaps and ragged sheets of sand, 
gravel, and coarse debris, and widespread deposits of clay, 
beneath which in many places, especially in the lowland 
districts, the solid rocks that form the framework of the 
country are in great measure concealed. The general cha- 
racter of these superficial heaps and gatherings must be 
familiar to every one. They appear in the scaurs and bluffs 
that overhang our streams and rivers, and are often well- 
exposed by the wash of the waves along certain sections 
of the sea-coast. The traveller by rail can hardly fail to notice 
them as he is swept along — here capping the rocks with 
a few feet of sand and gravel, there thickening out so as to 
form the whole face of the cutting from top to bottom. In 
the numerous quarries with which the country is pitted, 
the rock is commonly crowned -with a more or less thick 
covering of similar materials; while in sinking for coal and 
ironstone, and in digging foundations for houses and bridges, 
superficial accumulations of such debris no less frequently 
occur. Bricks and tiles are manufactured in large quantities 
from the beds of clay, and the heaps of sand and gravel, 
occurring as they often do at a great distance from the sea, 
are much in request by builders, farmers, and others. 
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So widely are tlie superficial deposits distributed tliat tliey 
may be said to be common to every part of the country, for 
they are met with from Zetland to the Cheviots, and from 
the Outer Hebrides to the east coast. But while they occur 
over so wide an area they are at the same time very 
unequally aggregated. In the highland and upland districts 
they appear to be for the most part restricted to valleys — 
the craggy broken mountains of the north and the rounded 
swelling hills of the south of Scotland, showing but little trace 
of them at the higher elevations. Over the intervening Low- 
lands, however, they spread in broad but somewhat ragged 
sheets, which are often continuous across wide tracts. 

The materials of which these deposits are made up consist 
principally of stony clay, fine brick-clay, silt, sand, gravel, 
and a kind of loose debris of earthy clay and stones. At 
first sight these various beds appear to be confusedly inter- 
mingled, and to show little order in the mode of their 
occurrence. Sometimes stony clay, at other times sand or 
gravel, overlies the solid rocks. Again, these deposits may 
be absent and a fine brick-clay, or a coarse debris of angular 
stones and large blocks may cumber the ground instead. 
But this confusion is only apparent — a regular succession 
does really exist. It frequently ha|)pens that in deej) 
artificial excavations or natural exposures, several of these 
loose materials occur together. And when this is the case 
we usually find that the lowest-lying member of the series 
consists of a more or less tough stony or boulder-filled clay. 
Above this ston}^ clay {till or boidder-day as it is called) 
come beds of sand and gravel, or, as the case may be in 
mountain-valleys, a loose earthy d4bris of stones and large 
blocks and boulders. But in maritime districts it often 
happens that the first deposit resting immediately upon the 
till is a fine brick-clay. Thus Avhenever the boulder-clay 
or till appears in the same vertical exposure with any of 
the other superficial deposits it invariably lies at the bottom. 
Hence we conclude that of all these accumulations the till or 
boulder-clay is the oldest, since it must have been laid down 
in its present position before any of the other heaps of 
material could have gathered over its surface. 

It is only now and then, however/ that the lowest-lying or 
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oldest superficial accumulations are overlaid by later formed 
deposits. Tbroughout wide districts stony clay alone occurs, 
just as in other regions heaps of sand and gravel form the 
only covering of the solid rocks. Yet we can . have ho 
difficulty in deciding as to the relative age of the beds ; 
for having already satisfied ourselves that till constantly 
underlies the other deposits, when all occur together in one 
section, we can have no doubt that the former must be 
the older accumulation, and that the latter, even when they 
rest directly upon rock (the stony clay being altogether 
absent from the district) must have been formed at a later 
date. A reference to the accompanying diagram (Fig. 1), 
which represents an ideal crrtting or section, will help to 
render these remarks a little clearer. The figtire is intended 
to give a general Anew of the relation of the underlying till 
to a very prevalent overlying series of sand and gravel. In 
this section, t 8 are the superficial dejoosits resting upon 7' r, 
the solid rocks. It wall be observed that the stony clay 
or till, t, is distinctly covered by the sand and gi’avel 8. At 
8^ the sand and gravel repose directly upon the rocks r, the 
till being absent at that point ; while at till alone occurs. 
When the superficial formations are viewed upon the, large 
scale they are invariably found to follow the order indicated. 



1.— Diagrammatic eection, showing relative position of till t ix and over- 
lying sand and gravel series S 6' x. W = river valley. 


It has just been mentioned that be.sides sand and gravel 
various other kinds of materials sometimes overlie the till. 
To determine the relative position of these accumulations the 
same kind of reasoning applies. There are other methods, 
however, by which this is ascertained, but a consideration of 
these must be deferred to a subsequent page. At present our 
attention is confined to the boulder-clay or till. This deposit 
and the overlying beds have received one general name — the 
Drift or Glacial formation ; and it is usual to speak of Lower 
and Upper Drift, according as we refer to the stony clays or 
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the deposits above them. In this chapter I shall consider 
the character and phenomena of the most characteristic 
member of the Lower Drift, namely, the Till; for which 
purpose it will be necessary to enter into some little detail. 
But these details are absolutely necessary if the reader would 
understand clearly the nature of the problem which a survey 
of the drift-phenomena suggests. It would, however, lead 
me far beyond due limits were I to attempt to give anything 
like an exhaustive account of the till. All I shall try to do 
will be to gather together into a short space what appear to 
be the more salient points in the evidence, from an attentive 
consideration of which the reader will be able to judge for 
himself how far the inferences set forth in the sequel are 
justified. 

The deposit knowui as till or hoiilder-day, is usually a firm, 
tough, tenacious, stony clay, which gives every evidence of 
having been subjected to great pressure. So tough indeed does 
it often become that engineers would much rather excavate the 
most obdurate rocks. Hard rocks are more or less easily 
assailable with gunpowder, and the numerous joints and 
fissures by which they are traversed enable the navvies to wedge 
them out often in considerable lumps. But till has neither crack 
nor joint — it will not blast, and to pick it to pieces is a very 
slow and laborious process. Often, however, the clay becomes 
coarser and sandier, and when this is the case water soaks 
through it. It then loses consistency, and is sometimes ready 
to '' run’' or collapse as soon as an excavation is made. Again, 
in certain districts it might be described as a coarse agglome- 
rate of subangular and angular stones set in a scanty matrix 
of coarse earthy grit and sand, as in the lower tracts of many 
of the islands of the Hebrides. A still more abnormal kind 
of till is found occasionally in sandstone districts. It consists 
of an exceedingly rude debris of the underlying sandstone, 
intermingled with which occur a few stones derived from a 
distance. The sandstone blocks are of all sizes and shapes, 
from two or three inches up to fragments five feet and more 
in diameter. In some places they are heaped confusedly 
together, with little or no matrix in the interstices between 
the blocks. In other places, however, we find the stones set 
in a more or less meagre matrix of clay and sand. This rude 


'IBE GREAT ICE AGE. 


kind of till sonaetimes attains a tkiekness of more than twenty 
feet, as in the moors near Kirk of Shotts, Lanarkshire. It 
passes gradually into till of the normal type. 

Sometimes the stones in the till are so numerous that 
hardly any matrix of clay is visible. This, however, does not 
often' happen. On the other hand, they occasionally appear 
more sparsely scattered through the clay, which may then be 



Fig. 2.~Scratclied stone (black shale), jfrom the till. (B. N. Peach.) 


dug for brick-making; but this occurs still less frequently.* 
As a rule, it is hard to say whether the stones or the clay 
form the larger percentage of the deposit in a mass of" typical 
till. Generally speaking, however, the stones are most numerous 
in the till of hilly districts ; while at the lower levels of the 

* My friend Mr. K. L. Jack informs me that at Port Dnndas bricks are made 
out of a typical stony till, the stones being crunched up by a machine. 
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eoiintiy the clayey character of the mass is upon the whole 
more pronounced. But to this there are many exceptions. 



Fig. 3. — Scratched stone (limestone), from th.e till. (B. FT. Peach.) 


The stones vary in size from^ m pebbles up to 

blocks several feet or even yards in diameter. These last, 
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however, do not occur so commonly as smaller stones — indeed 
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rence in the sandier and less compacted varieties of that accu- 
mulation. I think, also, that the bigger boulders are most 
commonly found in the lower part of a deposit of till ; a 
position, however, to wiiich they are by no means confined. 
Stones and boulders alike are scattered higgledy-piggledy, 
pell-mell through the clay, so as to give to the whole deposit 
a highly confused and tumultuous appearance. 

There is something very peculiar about the shape of the 
stones. They are neither round and oval like the pebbles in 
river-gravel or the shingle of the sea-shore, nor are they 
sharply angular like newly-fallen debris at the base of a clifi', 
although they more closely resemble the latter than the 
former. They are indeed angular in shape, but the sharp 
comers and edges have almost invariably been smoothed away. 

Some characteristic forms are shown in the accompanying 
illustrations (Figs. 2, 3, 4, 5) which have been drawn from 
actual specimens. Their shape, as will be seen, is by no 
means their most striking peculiarity. Each is smoothed, 
polished, and covered with striae or scratches, some of which 
are delicate as the lines traced by an etching needle, others 
deep and harsh as the scores made by the plough upon a 
rock. And what is also worthy of note, most of the scratches, 
coarse and fine together, seem to run parallel to the longer 
diameter of the stones, which, however, are scratched in many 
other directions as well. These appearances are displayed in 
Figs, 3, 4, and 5. The distinctness of the markings depends 
very much upon the nature of the stones. Hard, fine-grained 
rocks, like limestone and clay-ironstone, have often received 
a high polish, and retain the finest strise. Figs. 3, 4, and 5 
represent fragments of these. Soft and coarse-grained rocks, 
like grit and sandstone, are not usually so well polished and 
scratched; and the same may be said of other easily-decom- 
posed masses, such as granite, and various metamorphic and 
igneous rocks. Fig. 2 shows a fragment of dark carbonaceous 
shale; it will be noticed that this specimen is not so dis- 
tinctly oblong as the others, and that the direction of the 
striae does not coincide in so marked a manner with the 
longer axis of the stone—some of the more strongly pro- 
nounced scratches, however, do. It is worth mentioning, also, 
that there appears to be some curious relation between the 
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coarseness of tire strise and tire size of tire stones. Thus we 
usually find that the bigger the stone is the more strongly 
marked are the stri®. The scratches upon a small fragment 
are generally very fine, coarse ruts or grooves being absent, 
while large stones and boulders, besides being well smoothed 
and closely set with fine stri®, usually exhibit also deep scorings 
and rough, jagged-edged scratches. It often happens, moreover, 
that the big blocks are not polished equally all over ; some- 
times, indeed, they show only one well-polished side, the other 
faces of the block being rough, and not marked with striae of 
any kind. No other appearances connected with the till are 
more striking than these scratchings and smoothings. They 
become to the geologist what hieroglyphics are to the Egypt- 
ologist — the silent but impressive records of an age long passed 
away, enabling him to realise the former existence in these 
islands of a state of things very difi'erent indeed to that which 
now obtains. We must travel to other and distant lands 
before we can hope to appreciate the full significance of the 
“ scratches,” or realise all that they suggest. 

The stones which, as we have seen, occur so abundantly in 
the till consist of fragments of the various kinds of rock to 
be met with in Scotland. It must not be supposed, however, 
that any single section of till will yield specimens of all these 
varieties. On the contrary, if we desired to collect from the 
clay a complete set of the Scottish rocks, Ave should have to 
traverse an area as wide as that occupied by those rocks 
themselves. The till, in short, is quite local in character-, for 
in districts where sandstone occurs most abundantly, the 
stones in the clay likewise consist almost exclrrsively of sand- 
stone. And, similarly, in regions where hard volcanic rocks 
prevail, the overlying till is invariably crowded with frag- 
ments of the same. Not only the stones, however, but also 
the colour and texture of the clay itself are influenced by the 
character of the rocks in whose neighbourhood the till occurs. 
Thus, in a district where the rocks consist chiefly of dark 
shales, clays, and thin sandstones, with occasional seams of 
coal, the overljdng till is usually hard and tough, and its 
prevailing colour a dark dingy grey or dirty blue ; while in 
a region of red sandstone it is tinted red or brown, and com- 
monly shows a more open or sandier texture. 
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It is in tlie lower-lying districts of the country where till 
appears in greatest force. Wide areas of the central counties 
are covered with it continuously to a depth varying from two 
or three feet up to one hundred feet and more. But as we 
follow it towards the mountain regions it becomes thinner 
and more interrupted— the naked rock ever and anon peering 
through, until at last we find only a few shreds and patches 
lying here and there in sheltered hollows of the hills. Through- 
out the Northern Highlands it occurs but rarely, and only in 
little isolated patches. It is not until we get away from the 
steep rocky declivities and narrow glens and gorges, and enter 
upon the broader valleys that open out from the base of the 
highland mountains to the low-lying districts beyond, that 
we meet with any considerable deposits of stony clay. The 
higher districts of the Southern Uplands are almost equally 
free from any covering of till. Occasionally, however, this 
deposit puts in a bold appearance in certain hilly regions, as, 
for instance, in many of the valleys of Peeblesshire, Galloway, 
and the Border counties, where its aspect is often highly 
suggestive of its origin. In the localities referred to it fre- 
quently forms a more or less broad terrace, sloping gradually 
with the inclination of the valley in which it occurs. Through 
this terrace a stream usually cuts a course for itself, and by 
winding from bank to bank gradually undermines the till, 
and in some cases has nearly succeeded in clearing it away 





Fig. 6. — Diagrammatic section across two upland valleys : ^=tiil; ® : 

stream courses ; r solid rock. 


altogether. A transverse section across two such valleys is 
given in the diagram annexed (Fig. 6). The cuttings made 
by the streams are seen at ; t represents the till, and 

T the underlying rocks. Fig. 7 gives a pictorial representa- 
tion of the same appearances. 

In the lowland districts the till never shows this terrace- 
like appearance, but rolls itself out in a series of broad 
undulations. It is especially worthy of note, too, that the 
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long parallel ridges, or '' sowbacks and drums,'’ as they 
are termed, which are the characteristic forms assumed by 
the till in broad valleys like those of the Tweed and the 



Fig. 7.— Greskiii Burn, Dumfriesshire: stream cutting through terrace of till. 

(H. M. Skae.) 


Nith, invariably coincide in direction with the valleys or 
straths in wdiich they lie. A section, therefore, drawui across 
a till-covered area in the Lowlands would give the general 
aspect represented in the diagram (Fig. 8), where the ridges 
of stony clay are seen at t cl 



Fig. 8. — Diagrammatic section across a lowland valley: if ^7 = “ sowbacks ” 
or drums ’’ TT = river course j r solid rock. 


Throughout the midland districts a number of prominent 
crags and bosses of rock project beyond the general surface 
of the ground in such a way as to form conspicuous features 
in the landscape. Behind these crags the till often accu- 
mulates to a considerable depth. Edinburgh Castle Rock 
affords a good example of this appearance, and Arthur’s Seat 
is another instance on a larger scale. From each of these 
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hills a ridge or tail proceeds with a long gentle slope, and 
similar appearances characterize the numerous isolated boss- 
like hills which are scattered up and down the Lowlands. 
The leading phenomena associated with this “ crag and tail” 
arrangement are shown in the woodcut (Fig. 9). The ''crag,” 



c, itself is usually composed of some hard volcanic material, 
like basalt or dolerite,^ •which intersects softer and more 
yielding rocks, such as sandstone and shale. At the base of the 
"crag” there is not infrequently a hollow (seen at K) scooped, 
out of the solid rocks. Here also the till is either very thin 
or does not occur at all. On the lee-side of the "crag,” 
however, it often attains a great thickness ; but a glance at 
the diagram will show that even were the till completely 
stripped from the lee-side of the "crag” a notable "tail” 
would still remain, for the rock on the lee-side is consider- 
ably higher than the rock at A The phenomena of " crag 
and tail” therefore are not entirely dependent upon the 
presence of the stony clay. They may, and in point of fact 
do, exist ■where no till is visible. All that we can affirm in 
regard to the part played by the latter in the formation of 
" crag and tail” is simply this— that in districts where till 
abounds it is usually heaped up on one particular side of 
projecting crags or bosses. In Edinburghshire, for example, 
a greater depth occurs on the east than on the west side of 
prominent isolated hills. In other districts again it may be 
on the north, w^est, or south side where the till has chiefly 
accumulated. 

When the till is removed from the underlying rocks the 
upper surface of these very frequently shows a smoothed (see 

The geological reader will understand that the “crag’’ is not necessarily 
formed of intruded igneous rock. The outcrop of any hard bed, that dips with 
accompanying softer beds at a low angle, has a tendency to^ produce “ crag and 
tail” when the dip happens to coincide with the direction in which the till has 
travelled. 
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Fig. 10) and often FigWy polished appearance, and the whole 
pavement is marked with those peculiar scratches or striae 
that form so characteristic a feature of the stones included 
in the till. But the extent to which this polishing is carried 
depends very much upon the nature of the rooks. We have 



Fig. 10. — Smooth.ed rock surface below till. 


seen tliat tlie most perfectly smoothed and striated stones of 
tlie till consist of such close-grained rocks as limestone and 
clay-ironstone-— -the striae upon fragments of san^lstone being 
often faint and ill-defined. The same rule holds good in 
regard to the rocky pavement upon which the till reposes, 
Limestone invariably yields a beautifully smoothed and 
polished surface, and some other rocks, such as serpentine, 
receive nearly as fine a dressing as a lapidary’s wheel could 
give them. But soft sandstones and higlily-jointed rocks 
are much less finely marked, and often shoAV a broken and 
shattered surface below till ; sometimes, indeed, thick sand- 
stones appear ‘‘broken up” to a depth of many feet below 
boulder-clay, the coarse angular debris of the sandstone 
shading gradually into “till of the normal type. [See miU, 
p. 7]. (Figs. 11, 12). 

The direction of the scratches, ruts, and grooves upon the 



Fig. 11, — Broken rocks below till : near Peebles, river Tweed. 



Fig 12.'— Broken sandstone below till : near Union Bridge, river Tweed. 
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rock-head, usually comcides with the trend of the valley iu 
which the till occurs. If, for instance, we took the compass- 
bearing of a considerable valley running from east to west, 
we should almost certainly find that the striae pointed in the 
same directiom But this rule does not hold true for many 
of the smaller valleys of the Lowlands, In the Northern 
Highlands, however, and in the Southern Uplands, the striae, 
constantly follow the same direction as the valleys, and thus 
radiate from the high grounds to almost every point in the 
compass. In the intervening Lowlands, their prevailing 
course is from east and north-east to west and south-west, 
and from west to east, according as they occur in the western 
or midland and eastern districts. But a fuller account of 
these wonderful markings will be better appreciated when we 
come to discuss the origin of the till or boulder-clay. 

There are few who have studied the aspect of Scottish hills 
and mountains who can have failed to notice that these fre- 
quently present a rounded and flowing outline. [See Plate I] 
Save in some of the wilder regions of the Highlands and 
Western Islands, there is a general absence of abrupt sharp 
peaks and ridges. Even the projecting masses of rock which 
roughen the flanks of the highland mountains often present a 
rounded hummocky aspect wdien viewed from some distance : 
and a little observation will suflSce to show that this peculiar 
rounded appearance is most pronounced when the slopes of 
the rugged glens are scanned in a direction coinciding with 
the inclination of the valleys. Let us take as examples of 
what is meant, the well-known Glen Bosa in the island of 
Arran, or Glen Messan in Argyllshire. As the observer 
advances up these glens he sees nothing of the rounded out- 
line referred to. The slopes of the mountains bristle with 
irregular crags and projecting rock-masses, amongst which 
we look in vain for any such appearance as I have tried to 
describe. And so the broken and confusedly-tumbled rocks 
continue until we reach the corries at the heads of the glens. 
But no sooner do we turn to retrace our steps than the 
whole aspect of the rocky slopes appears to change, and 
even the most rugged projecting bosses show as if they had 
been rounded off by some force pressing over them in a 
direction down the glens. And so it is with all the other 
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deep valleys and sea-loohs of the Highlands — the smoothed 
and rounded rocks look up the glens, the broken and jagged 
masses face down. 

In describing the till I remarked that the irregular 
manner in which the stones were scattered through that 
deposit imparted to it a confused and tumultuous appear- 
ance. The clay does not arrange itself in layers or beds, 
but is distinctly unstratified. We cannot dig it with greater 
ease in any one direction. It shows no lines of division, 
but is a homogeneous mass, from top to bottom. Sometimes, 
however, especially in the lee of a projecting rock, as in the 
case of “crag and tail,” it shows a rude kind of arrange- 
ment, the stones tending to lie in sloping layers one over 
the other, as in Fig. 13. Here and there, too, in other 



Fig. 13.— Section at east end of FTeidpatli Tunnel, Peebles. (ly Silurian rocks; 
till, sbowing arrangement of stones on the lee-side of rock ; a, gravel in hol- 
low under till. The arrow indicates direction in which the till has travelled. 

places a layer of stones or boulders stretclies horizontally 
across the clay, and not infrequently nests of sand, gravel, 
and brick-clay, and irregular lenticular beds of similar 
deposits make their appearance and occasionally attain a 
considerable thickness. Such included beds are often curi- 
ously curled up and contorted, so as to present the appear- 
ance of having been rolled over upon themselves along with 
the stony clay in which they are enclosed. At its base the 
till often contains numerous very large blocks and boulders, 
which are sometimes more or less striated, and at other times 
are rough and even sharply angular. 

A good example of some of the phenomena in question 
is seen in the accompanying sketch-section (Fig. 14). At I 
a line of stones may be observed running along the face 
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of the till ; cl represents earthy sand with stones ; c, well- 
rounded gravel and shingle. Several little nests of sand are 
scattered here and there through the body of the clay, which,, 
despite the presence of these and the gravel and layer of 
boulders, is a perfectly unstratified and amorphous mass 
of clay, and angular stones, scratched and polished. 

But although this is the invariable character of the till 
or boulder-clay itself, it nevertheless occasionally contains 
more or less regular beds of gravel, sand, silt, mud, brick- 
clay, and peat, and sometimes similar accumulations underlie 
the till and separate that deposit from the subjacent solid 
rocks. These stratified deposits wall be described at length 
in later chapters, and I need not therefore say more about 
them at present. It is worth noting, however, that the till 
or boulder-clay that rests above these intercalated beds 
usually differs from the stony clay which immediately under- 



lies them in being less hard and tough. It is often sandier 
and more frequently contains very large blocks and boulders, 
while at the same time its included stones and boulders are 
not so universally well smoothed and striated— or, to express 
it otherwise, angular unpolished stones and boulders are 
more common in the upper than in the lower mass of 
till. Again I may note that the intercalated beds often 
thin out so as to allow the upper and lower deposits of 
boulder-clay to come together. But to these and other 
appearances connected with the intercalated and subjacent 
beds we shall return by-and-by. For the sake of clearness 
I shall also defer to another page any account of the fossils 
which have been obtained in the till and its associated 
beds. 

Not wishing to oppress the reader with too many minutiae 
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on the very threshold of his investigations, I have omitted 
from the preceding brief account of the boulder-clay or till 
many interesting details, which, however, will come before 
our attention after we have gained some insight into the 
mystery of the till itself But before proceeding to consider 
some of the theories which have been advanced to explain 
the origin of this deposit, it may be well to recapitulate the 
principal facts brought forward in the preceding pages. 
These may be briefly stated as follows : — 

1. The loose accumulations of gravel, sand, clay, and 
other materials that cover so large a portion of the country, 
belong, for the most part, to what is termed the Drift or 
Glacial formation. 

2. This formation is divisible into at least two series, 
namely. Upper Drift and Lower Drift — the latter being the 
older series of .'the two. 

3. The most characteristic member of the lower drift 
is a more or Jess tough unstratified stony clay, called till 
or boidder-clay. 

4. The stones iin this till are scattered confusedly through 
the clay, and are not arranged with any reference to their 
relative specific gravity. 

5. They are almost invariably of angular and blunted 
subangular shapes, and usually exhibit smootlied, polished, 
and striated surfaces. 

6. They are generally local in character, that is to say, 
the till of a sandstone district is charged chiefly with frag- 
ments of sandstone ; and with boulders of volcanic rocks 
in a region composed for the most part of rocks of igneous 
origin. 

7. A similar connection obtains between the colour and 
texture of the clay and the prevalent character of the 
rocks : — ^in a red sandstone district the till is red and sandy ; 
in a coal and black shale district it is of a dark dingy grey 
or blue, and usually excessively tough. 

8. Till lies thickest in the Lowlands, and thins away as it 
approaches the hills. 

9. In upland valleys it has a tendency to assume a 
terrace-like aspect, while in lowland tracts it shows a broad 
undulating surface, and is frequently arranged in long round- 
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backed ridges, wliicli are parallel to one another and the 
direction of the princij)al valley of the district. 

10. Till is often heaped up on one particular side of pro- 
minent hills and rocks, especially in the Lowlands. 

11. The pavement of rock below till is frequently 
smoothed, polished, and striated, more especially if the 
rock be hard and fine grained ; softer rocks, like sandstone 
and shale, and highly-jointed rocks like greywacke, and 
many igneous masses, often show a broken surface below till. 

12. The direction of the rock-striations coincides generally 
with the trend of the principal valleys. 

13. The hills and mountains commonly exhibit a more or 
less rounded and flowing outline — the rounded appearance 
of the crags upon a mountain-slope being most conspicuous 
to an observer looking down the glens. Yiewed in the 
opposite direction, the rounded and smooth outline dis- 
appears. 

14. Till, while itself quite unstratified, yet shows an 
occasional line of stones or boulders, and irregular nests, 
patches, and lenticular beds of brick-clay, sand, and gravel. 


CHAPTER III. 


EARLY THEORIES. CAUSE OF GLACIER MOTION. 

Early theories accounting for origin of the till. — Debacles and waves of transla- 
tion, — 'Grlaoier theory of Agassiz. — ^Iceberg theory. — Accumulation of snow 
above snow-Hne, how relieved.^ — Evaporation, avalanches, and glaciers. — 
Origin of glaciers. — ^Theories of Forbes and Tyndall.— Canon. Moseley’s 
experiments, 

TN tlie infancy of the science, or, perhaps, some little time 
before that, a number of wonderful ''theories of the earth” 
and “ histories of creation ” were ushered into the world, 
some of which continued to be popular long after their 
absurdities had been exjiosed. These curious productions 
gave full rein to the imagination ; they abounded with strik- 
ing and often terrible pictures, and may still be read with a 
certain degree of interest. But even after geology had made 
some progress, and an appeal to nature was recognised as the 
only safe guide to the interpretation of the facts that began 
to accumulate, ardent and poetical minds were occasionally 
too prone to supply the missing links in a chain of evidence 
by drawing upon the fancy, and when no sufficient " natural 
cause” could be discerned, imagination, of course, was bound 
to supply one. The theories which from time to time have 
been advanced in explanation of the phenomena of the drift, 
afford copious illustrations of the truth of these remarks. It 
would be a great mistake, however, to suppose that an 
erroneous theory is always or even often 'wholly pernicious ; 
for, not infrequently, it does good service by warning the 
student into closer and more continuous observation, and 
thus opens up new channels of discovery which otherwise 
might have remained for a longer time unsuspected and 
unknown. 

To describe the different theories which have appeared 
and disappeared, ever since the superficial deposits began to 
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attract the attention of geologists, would be a tlianldess and 
perhaps a useless task. One of these theories conceived that 
somehow and somewhere in the far north a series of gigantic 
waves was mysteriously propagated. These waves were sup- 
posed to have precipitated themselves upon the land, and 
then swept madly on over mountain and valley alike, carry- 
ing along with them a mighty burden of rocks and stones 
and rubbish. Such deluges were styled waves of transla- 
tion,” and the till was believed to represent the materials 
which they hurried along with them in their wild course 
across the country. The stones and boulders as they rattled 
down one mountain’s side and up another, were smoothed 
and scratched, and the solid rocks over which thev careered 
received a similar kind of treatment. After the water dis- 
appeared the stones were found confusedly huddled together 
in a paste of clay, but occasional big blocks, often far-travelled, 
might be seen perched in lonely positions on hill-tops, or 
scattered over hill-slopes like flocks of sheep ; while mounds 
of sand and gravel rolled themselves out here and there in 
the Lowlands. Such in a few words was the theory of great 
debacles or waves of translation. It was unfortunate for this 
theory that it violated at the very outset the first principles 
of the science, by assuming the former existence of a cause 
which there was little in nature to warrant. Large waves it 
was known had certainly been raised by sudden movements 
of the earth’s crust, and had several times caused great 
damage to seaport towns; but spasmodic rushes of the sea 
across a whole country had fortunately never been expe- 
rienced within the memory of man. The theory, indeed, 
had only been advanced in a kind of desperation, for geolo- 
gists were quite at their wits’ end to discover any natural 
cause that would account for the peculiar phenomena of the 
drift — they could see neither rocks being rounded and 
scratched nor till being formed anywhere — the causes to 
which these were due had apparently ceased to operate- — and 
so the perplexed philosophers were in a manner comjpelled 
to fall back upon waves of translation. They did not, how- 
ever, attempt to uphold this theory very strenuously. It 
was felt that, even granting the probability of great waves of 
translation having swept across the land, still a number of 
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facts remained whicli could neither be accounted for nor yet 
explained away. There was the scratching and polishing of 
the stones for instance. It seemed impossible that these 
could have been so dressed by running water, no matter how 
rapidly it flowed. The stones in the bed of a mountain- 
torrent show nothing like the scratches so characteristic of 
those in the till They are water-worn, truly, but the 
mysterious markings that streak the till-stones from end to 
end are nowhere visible. There was also great difficulty in 
conceiving how large fragments of rock could be carried from 
the mountains of the Highlands to the south of Scotland by 
rushes of water. The water might roll them down from one 
hill into a valley, but it could hardly push them up another 
hill, and so repeat the process often in a distance of many 
miles. Then, again, how did the stones come to be inter- 
mingled with fine clay? Surely the curi'ent or wave that was 
sufficiently powerful to force along blocks of stone several 
feet in diameter, must have swept the finer mattei' — sand 
and clay — to infinitely greater distances. Thus there were a 
great many loose screws in the theory, and every new fact 
discovered threatened to make it collapse altogether. Day 
by day the great waves of translation became more and more 
apocryphal, until at last they ceased even to be hinted at, 
and sunk quietly to rest for ever. 

Next succeeded the glacier theory of Agassiz, of which 
more anon, and this again was followed by the iceberg hypo- 
thesis, The latter accounts in a natural way for the transport 
of large blocks and boulders from one part of the country to 
another. It supposes the land to have been submerged to a 
certain depth during the accumulation of the drift, at which 
time icebergs setting sail from the tops of the mountains, 
which then existed as frozen islets, carried with them loads 
of earth, sand, and rock, which they scattered over the bed 
of the sea as they floated on their way to the south. This 
theory is still upheld by some geologists as a satisfactory 
explanation of the origin of the till, but, as I shall endeavour 
by-and-by to show, it does not discriminate between deposits 
which have been accumulated at different times and under 
different conditions. For the present, however, we must 
leave it; but the phenomena of ic.eberg^ and what these 
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floating masses are capable of doing, will come before our 
attention in another place. 

The older observers had clearly shown that the agents of 
geological change as represented in this country failed to 
supply an adequate solution to the enigma of the mysterious 
till, with its scratched stones. But the phenomena of glacier 
regions threw a new light on the subject. Geologists, follow- 
ing the lead of Agassiz, gradually became convinced that in 
some way or other ice had to do with the origin of the till ; 
and this conviction deepened as the effects of glacial action 
became better known. I do not suppose that there is any 
one nowadays who has given this matter the slightest con- 
sideration without coming to a firm belief in the ice-origin 
of boulder-clay. But as regards the precise way in which that 
stony clay owes its origin to ice, there is still some dispute ; 
and what I propose now to do is to go through the evidence 
bit by bit for the purpose of ascertaining whether it is not 
possible to come to a definite conclusion. It is quite clear 
that no theory can be considered satisfactory which does not 
explain and account for the various appearances detailed in 
the preceding chapter. No half-explanation will suffice ; the 
key which we obtain must open a way into every obscure 
hole and corner; each and every fact must have full recogni- 
tion in the theory which may be ultimately adopted. Our 
first duty, then, must be to find out whether the process of 
dressing rock-surfaces and smoothing and polishing rock- 
fragments is now in operation, and whether at present any 
deposits like boulder-clay are being formed and accumulated. 
I have just said that geologists agree in ascribing the origin 
of these and other phenomena of the drift to glacial action. 
What then, let us inquire, is the nature of that action, and 
how do the appearances presented by ice-covered regions 
serve to explain the origin of the boulder-clay or till ? 

Every one is aware that the watery vapour which the heat 
of the sun sucks up from lake and stream and sea, by-and- 
by condenses and returns to earth. At certain elevations it 
almost invariably comes down in the form of b%ow ; at lower 
levels it falls as rum. It is customary to speak of an 
imaginary line, called the snow-line^ above which more snow 
falls than is melted of evaporated. This line rises to a great 
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elevation in tropical countries ; but as we follow it to nortli 
and south it begins gradually to descend, until in the icy 
regions about the poles it drops to the level of the sea.^ 
The line, however, is very far from forming an equal curve 
from the equator to the poles. Many circumstances conspire 
to render it most irregular and often raj)idly undulating. If 
the wunds that blow across a mountainous country convey 
much moisture, the snow will descend to a lower level than 
it would were these winds less charged with moisture. 
Hence it frequently happens that the snow-line actually rises 
as it recedes from the equator. The Cordillera of Mendoza 
(22° S. lat.), for example, is snow-clad at a height of 13,200 
ft., while the Sierra Famatina, which is four degrees further 
to the north, shows no snow at a height of 14,764 ft. This 
difference is no doubt due to extensive radiation and the 
relative dryness of the atmosphere. It is for the same causes 
that the limit of permanent snow reaches a lower level on 
the southern than it does on the northern slopes of the 
Himalaya. The winds that sweep up from India are laden 
with moisture, wdiile those that blow from the north have 
been sucked dry by the heated plains of Central Asia. All 
the moisture precipitated above the ideal line takes the form 
of snow ; but there are limits to its vertical increase — it 
does not grow in thickness to an indefinite extent. The 
hill-tops are being constantly relieved of a portion of their 
wintry mantle by evaporation, and occasionally great shreds 
of this mantle suddenly drop away, and disappear down the 
steeper hill-slopes, carrying ruin and desolation Avith them 
Avhen they chance to reach cultivated ground. But neither 
evaporation nor the constant discharge of avalanches suffices 
to drain the mountains of their vast reservoirs of snow. 
This is effected by a regular system of ice-rivers or glaciers. 
Enthusiastic physicists have described these wonders of nature 
in endless volumes, memoirs, papers, and pamphlets, and 
each observer has vied with his predecessor in attempting 
some novel or fuller explanation of their phenomena. One 
might think it a cold subject enough to discuss, but the 

* This is not exactly true for arctic regions. Even in the highest north 
latitudes hitherto reached, it would seem that the short summer is sufficiently 
'warm.to melt the snow away from the land immediately bordering on the sea. 
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records of science tell another tale. Many a warm word, 
many a hot fight, have these ice-rivers occasioned ; and the 
battle still goes on, though less briskly now than it did some 
years ago. Even the briefest account of the various theories 
which have been advanced from time to time in explanation 
of the phenomena of glaciers would occupy more space than 
I can afford. I must therefore content myself by merely 
recapitulating what appear to be the general results of the 
controversy. 

Pressure, as every schoolboy knows, will convert a handful 
of new-fallen snow into a hard lump ; and if the pressure be 
sufficiently severe, the hardened snow will become ice. Over 
seemingly frail bridges of snow the adventurous mountaineer 
will traverse yawning clefts and chasms — for the snow, 
trodden firmly down, becomes stiff and rigid. It is this 
property of snow which makes a glacier or ice-river possible. 
When snow has accumulated to a great depth, its own weight 
squeezes down its lower strata ; and should the pressure of 
the overlying mass be sufficiently great, the under portions 
of the snow will eventually be compacted together into true 
ice. The passage of snow into ice is simultaneonsly carried 
on, but to a very limited extent, by alternate thawings and 
freezings. When the sun shines upon the snow, or a warm 
wind passes over its surface, the upper layer partially melts, 
and the disengaged water trickles down drop by drop into 
the layers below, where it solidifies. Every spring and 
summer this process is repeated with the last winter s snow, 
and thus, partly by thawing and freezing, but chiefly by 
pressure, the whole mass tends to harden into ice. 

Thus solidified and apparently rigid, one would at first 
suppose that the hardened snow or ice would be as immov- 
able as the rock of the mountain upon which it reclined. 
We know that a bed of tough clay will rest upon a very con- 
siderable slope without sliding downward, and even the loose 
stones and debris which cover so many hill-sides in a high- 
land country find repose upon an incline of 30^. At Four- 
neaux the debris shot out from the mouth of the great Cenis 
tunnel forms a still steeper slope. Mr. Whymper tells us 
that ‘4ts faces have as nearly as possible an angle of 

^ Sormnbks amongst the Alpsj -p. Q2, 
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But ice, whicli is a much more rigid body than even the 
hardest clay, will move upon a slope that is inappreciable by 
the eye. And thus it happens that wherever snow attains a 
sufficient thickness to compress itself into ice, this ice, as the 
overlying mass continues to receive the tribute of each 
winter, begins to steal down every slope, however gentle the 
incline may be. Thus it is that in alpine countries the 
valleys become more or less filled with streams and rivers of 
ice, which are constantly fed from the snow-fields above. 
The snow, packed and pressed into ice, gradually moves off 
the mountains, and the frozen streams thus formed collect at 
the head of every valley, down which they pour in those 
great solid masses which are known as glaciers. 

Why, then, does this hard body behave so differently from 
other solid substances? What property does ice possess 
which enables it to creep upon slopes adown which only 
fluids and semi-fluids can move ? 

James David Forbes, whose works on glacial phenomena 
rank among the classics of physical science, came to the con- 
clusion that the motion of a glacier was due to the viscous 
or plastic nature of the ice, which moved upon a slope much 
in the same way as a substance of the consistency of treacle 
or tar, its own weight being sufficient to urge it forward. 
When the ice was exposed in the glacier to a peculiarly 
violent strain, its limited plasticity necessitated the formation 
of an infinity of minute rents, and the internally bruised sur- 
faces were forced to slide over one another, still producing a 
quasi-fluid character in the motion of the whole. The same 
eminent physicist further held that reconsolidation of the 
bruised glacial substance into a coherent whole might be 
effected by pressure alone acting upon granular snow, or upon 
ice softened by imminent thaw into a condition more plastic 
than ice of low temperature.’^ 

At a later date Professor Tyndall proposed a different 
explanation of the phenomena. Faraday had previously 
pointed out that when two pieces of ice with moistened surfaces 
are brought into contact they immediately freeze together ; 
and the same phenomenon took place, according to Dr, Tyn- 
dall, when a piece of ice (at 32°) was subjected to pressure 

^ Occasimal Fapers on tJie Theory of QlacUrSi p. xvi. 
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and compelled to change its shape. Under such conditions 
the ice is broken by the pressure into fragments ; but these 
fragments being in close contact, immediately re-nnite to form 
a solid mass. If this be true of small pieces of ice, it must 
be equally true of large masses ; and Dr. Tyndall therefore 
concluded that the motion of a glacier was due to fracture 
and regelation.'* Under the pressure of the superincumbent 
snow and ice, fissures were everywhere forming and closing 
again ; and this rupturing and healing process extended to 
the smallest particles of the frozen mass. Its own weight 
crushed, squeezed, and pushed forward the ice, which seemed 
to flow with a viscous motion, owing simply to the fracture 
and regelation of all its particles."^ 

Quite recently, however, certain interesting experiments 
made by the late Canon Moseley suggest some difficulties 
which are hard to overcome. He proved conclusively that 
the mere weight of a mass of ice is not sufficient to cause 
that ice to move upon a moderate slope. Forbes’ theory of 
viscosit}?-, and Tyndall’s theory of fracture and regelation, alike 
imply that ice descends a slope by virtue of its weight alone. 
But if ice always remains throughout its entire mass a solid 
body, it is evident, as Canon Moseley has shown, that the 
resistance offered by the ice cannot possibly be overcome by 
the mere weight of the mass. Besides the weight there must 
be some other force pushing the ice forward. A substance of 
the consistence of clay, which is a much less rigid body than 
ice, will nevertheless remain perfectly inert upon a slope 
adown which ice would move with the greatest ease. The 
clay cannot descend by gravitation, and if ice were the solid 
mass which it is commonly supposed to be, it would be just 
as impossible for it as for a mass of clay to descend a slight 
incline by gravitation. Yet w^e know that ice, hard and 
brittle though it be, does nevertheless move upon such a 
slope. This movement, however, is not effected by the slid- 

^ A different explanation of the phenomenon of regelation under pressure has 
been given by Professor James Thomson, and his brother, Sir William Thomson. 
These physicists ascribe the consolidation of the ice crushed in a mould under 
liramah’s press to simultaneous liquefaction, which commences at every point of 
the interior of the ice to which the pressure extends, and to subsequent solidifica- 
tion when the pressure is removed. Proceedings of the Poyal Society of Zondon, 
1857, 1858. See also Professor Tait’s remarks in Life and Letters of Frineipal 
Porhes. 
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ing of tlie ice over its bed ; a glacier does not slip down its 
valley as a disengaged slate or slab of stone would slide off 
the roof of a house. ‘'‘All the parts of a glacier/' as Canon 
Moseley has remarked, ^‘do not descend with a common 
motion ; it moves faster at its surface than deeper down, and 
at the centre of its surface than at its edges. It does not 
only come down bodily, but wnth different motions of its dif- 
ferent parts ; so that, if a tran verse section were made through 
it, the ice would be found to be moving differently at every 
point of that section. . . . , There is a constant displace- 
ment of the particles of the ice over one another and along- 
side one another, to which is opposed that force of resistance 
which is known in mechanics as shearing-forceT Now the 
question comes to be, what power is it that compels the ice- 
particles so to move ? The motion of fluids and semi-fluids 
upon a slope is undoubtedly due to gravitation ; can the 
movement of a glacier be owing to the same cause ? If so, 
then how and in what manner can the glacier assume the 
properties of a fluid ? 

Dr. J. Croll has suggested an explanation of the difficulty, 
which is so ingenious, and appears to me so suggestive, that 
I cannot deny myself the pleasure of attemjDting to describe 
it, which I shall proceed to do in the following chapter. 


CHAPTEE IV, 


■MOLECULAB THEORY GE GLACIER MOTION.— ASPECT OF AK 
ALPINE GLACIER. 

Heat capable of being transmitted tbrongh ice. — Temperature of glaciers. — 
Motion of ice molecules in a glacier. — Fluid molecules crystallize in inter- 
stices of ice. — Expansive force of crystallizing molecules a cause of motion. — 
Ice capable of ascending a slope. — Regelation.-^Alpine glaciers. — Pdver-libe 
cbaracter of glaciers. — Crevasses. — Size of glaciers. — Character of the rock- 
surface and stones below a glacier.' — Glacial rivers,^ — ^Moraines, — 'Waste of 
mountains. 

W ATER in tlie act of freezing gives out teat, and while 
passing into the solid state expands ; so that ice occu- 
pies, weight for weight, a greater space than water. On the 
other hand, when ice melts it absorbs heat, and upon becom- 
ing water takes up less room than it did in the crystallized or 
solid state. Bearing this in mind, let us suppose that the 
sun shines upon a glacier, and imparts to its surface a certain 
amount of heat. The application of this heat will not and 
cannot possibly raise the temperature of the ice (taking that 
temperature at 32"^), but its immediate consequence will be 
to melt or turn a certain portion of the ice into water. 
When this is done, a fresh surface of ice will of course he 
exposed to the same action, and were the process to be con- 
tinued long enough it is obvious that the glacier would by- 
and-by disappear altogetber. But as soon as the sun ceases 
to shine upon a glacier, the water which has been set free 
will freeze again. Meanwhile, however, it will have shifted 
its position. The force of gravity compelled it while in the 
liquid state to flow from a higher to a lower level ; and now, 
when it becomes ice once more, it necessarily rests at some 
distance below its former position. But what is true of 
the surface of a glacier must also to some extent be true of 
every portion of the frozen mass. 
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We know tkat heat can be transmitted through a slab of 
ice at 32^, and yet the ice as a mass will still contiime solid. 
This curious result is thus explained. When heat is applied 
to the surface of the slab it cannot by any possibility raise 
the temperature of the ice. The molecules at the surface 
merely pass from the solid or crystalline state into the fluid 
condition. The heat is therefore converted into a certain 
amount of energy which enables the molecules to overcome 
their tendency to assume the crystalline form. The moment 
the molecules are allowed to crystallize they give back in the 
form of heat the energy which had forced them asunder ; or, 
to put it more simply, heat is given out in the act of freez- 
ing. The same process is repeated with the next adjoining 
molecules. No sooner have their neighbours resumed the 
crystalline condition, than the heat given out instantaneously 
attacks the others, and forces them to melt. “ That pe- 
culiar form of motion or energy called heat disappears in 
forcing the particles of the crystalline molecule separate, and 
for the time being exists in the form of a tendency in the 
separated particles to come together again. But it must be 
observed that although the crystalline molecule when it is 
acting as a conductor takes on energy under this form from 
the heated body, yet it only exists in the molecule under 
such a form during the moment of transmission — that is to 
say, the molecule is melted, but only for the moment. 
When B accepts of the energy from A, the molecule A 
instantly assumes the crystalline form. B is now melted, and 
when c accepts of the energy from b, then b also in turn 
assumes the solid state. This process goes on from mole- 
cule to molecule, till the energy is transmitted through to the 
opposite side, and the ice is left in its original solid state.”* 

Such are the phenomena that take place during the trans- 
mission of heat through ice. Let us now see what light 
they throw on the origin of the motion of glaciers. 

The numerous experiments made by Agassiz lead to the 
conclusion that the ice of glaciers has a comparatively high 
temperature. He found, for example, that in a hole sunk to 
a depth of 200 ft, in solid ice, the thermometer gave an 

* On the Physical Cause of the Motion of Grlacxers,’* FMlosophieal Maga- 
zine, March, 1869, and Sept., 1870; Climate and chaps, xxx, xxxi, 
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average temperature of 31*^ 24' Fair. In winter-time, liow^ 
ever, the thermometer marked 28® 24' Fahr. This, however, 
appears to have been a somewhat exceptional temperature. 
At all events the experiments clearly proved that in winter 
the ice at the heart of a glacier is not nearly so cold as the 
external atmosphere, while in summer the mass of the glacier 
possesses as near as may be a temperature of 32® Fahr. 

The heat that acts upon a glacier comes from various 
sources. There is first the heat received directly from the 
sun ; then, in spring and summer warm winds will sometimes 
blow across it, and mild rains will fall upon its surface. Again, 
there is the heat of the rocky cradle in which it lies, and, 
not least, that which is derived from the friction of the ice 
and stones upon its bed as the glacier slowdy creeps away. 
In summer-time the numerous small cracks and fissures that 
penetrate the ice in all directions are filled with water which 
has trickled down from the surface. In this manner heat is 
more or less rapidly conveyed from one portion of the glacier 
to another. And just as we found that heat when applied to 
a slab of ice at 32® will be transmitted through that slab 
without the ice as a mass changing its condition ; so must 
heat in the same way pass from the various sources mentioned 
right through the solid ice of the glacier. But in doing so 
it will compel the icy mass to change its position. When a 
molecule of glacier ice, A, has momentarily melted owing to 
the reception of energy in the form of heat, it will by virtue 
of its fluidity tend to move downwards, but the instant that 
it resumes the solid state the heat evolved will immediately 
attack the molecule behind it, B. This molecule will then 
melt and contract in bulk, and will descend by its own gravity 
until it stops against A. Here then it will freeze again. But 
as A now occupies a lower level than it did before the heat 
dissolved it, so B in like manner solidifies a little below its 
former position. The heat emitted by b at the moment of 
its passing into ice is next transmitted to c, whereupon the 
same changes ensue as before, and so on throughout the entire 
mass. Thus, while acting as conductors of heat, each indi- 
vidual molecule of ice is compelled by the force of gravity to 
move from a higher to a lower level. The result of this 
general molecular motion is that the whole body of a glacier 
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moTes gradually downwards/ impelled by gravitation^ in the 
same way as fluids and semifluids are urged forwards upon a 
slope. As a hard and brittle body, ice could not possibly 
— ^its own weight would be quite unable to compel the 
particles of ice to lose their cohesion. It is the transmission 
©f heat through a glacier which by momentarily converting 
each atom of its substance into water renders motion possible. 
Could heat be entirely withdrawn the motion of a glacier 
would be at once arrested, and the ice would remain as inert 
and immovable a body as any other substance equally hard 
and unyielding. 

Now’if it were true that the bed of a glacier showed no 
irregularities of surface,— if the ice had merely to move along 
a smooth inclined plane, then the foregoing account of the 
molecular changes which are induced by the action of heat 
might satisfy us that we had at last obtained a reasonable 
explanation of the cause of glacier motion. We should per- 
haps conclude that since ice flows with a differential motion 
in the same way as running water (each molecule of the frozen 
mass in the moment of melting being allowed to descend by 
gravitation), then there can be no slope that induces water to 
flow which will not also sufiice for the downward movement 
of a glacier. When we become aware, however, that the bed of 
a glacier is not a smooth inclined plane, but on the contrary 
is frequently rough and irregular, and when Ave learn, moreover, 
that glaciers have actually moved up-hill, in many cases at 
a considerable angle, we must see at once that the molecular 
theory, so far as we have yet described it, is incomplete. 
We may comprehend why ice floA?s down a slope, but how 
can the molecular theory of glacier motion account for the fact 
that ice has actually moved ufhill ? Gravitation explains 
the general movement of a glacier, which is, of course, from 
a higher to a lower level, hut it does not help us to under- 
stand how the ice is forced and over the inequalities 
of its rocky bed. We may indeed conceive how the ms a 
terga of a descending glacier might be sufficient to impel the 
ice for some distance up a gentle slope. An insignificant 
knoll lying in the path of a glacier might thus be over-ridden 
by ice forced over it by the pressure of the mass ach^ancing 
from behind in obedience to the motion of its melting and 
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resolidifying particles. But if the ice poured into a deep 
iollow surrounded on all sides by steep rocky slopes, should not 
-we expect to find, after the deep basin had been filled to 
overflowing, that only the upper portion of the ice in the 
basin would be in motion — -that at the bottom lying sluggish 
and inert ? Is it not most natural to suppose that this would 
be the case ? We can conceive the ice flowing into the hol- 
low, but how is it to get out again ? Will it be forced out 
by the pressure of the ice advancing from behind ? Surely 
not, if the sides of the basin are steep. Such pressure will 
simply cause the ice lying above the level of the basin to move 
forward oyer the ice that fills it. All this seems . to be quite 
clear, nevertheless, in despite of these preconceived notions of 
ours as to how it would act under the circumstances, we know 
that ice has gone into deep basins and come out again ; we 
know that it has ascended considerable slopesr— that hills, 
several hundred feet in height, have been surmounted by it. 
But if this be so, then we must feel convinced that something 
more than gravitation alone is required to explain glacier 
motion. 

The solution of the difficulty appears to be found in the 
behaviour of the ice molecules while they are in the act of 
passing from the fluid into the solid state. Ice, as we know, 
is not absolutely solid throughout. It is built up of innumer- 
able crystalline particles, all confusedly interlaced, and crossing 
and recrossing each other at every conceivable angle. But 
althougth the particles are thus in mutual contact, tliey are, 
nevertheless, not packed so closely together as to exclude the 
presence of interstices. Being united to one another at special 
points, determined by their polarity, they on this account 
require more space than their bulkds sufficient to fill, and 
this is probably why ice, as Professor Tyndall remarks, is, 
volume for volume, less dense than water. Bearing in mind, 
therefore, that ice is permeated more or less freely in every 
direction with innumerable interstitial pores, let us see how 
the ice particles behave during the moments of melting and 
freezing. It is obvious that when a crystalline molecule 
melts it win not merely descend by gravitation, but capillary 

^ In tHs paragraph I give the theory nearly in Dr. GroU’s own words, only 
condensing and omitting a Uttle to save space. See Climate and Time, p. 523. 
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attraction ■will cause it to flow into tlie interstices between 
tbe adjoining molecules. The moment that it parts with tbe 
beat receired it will of course freeze again ; but in thus becom* 
ing solid it will not fit the cavity which it occupied when in 
the fluid state, for it has now assumed the crystalline form^ 
and as there is a definite proportion between the length,, 
breadth, and thickness of the crystal, it must always happen 
that the interstice in which a molecule solidifies will be too 
narrow to contain it. The result will be that the fluid mole- 
cule in passing into the crystalline form will press the two 
adjoining molecules aside in order to make sufficient room for 
itself between them, and this it will do no matter what 
amount of space it may possess in all other directions. The 
crystal will not form to suit the cavity, the cavity must be 
made to contain the crystal And what holds true of one 
molecule, holds true of every molecule which melts and 
resolidifies. This process is therefore going on incessantly in 
every part of the glacier, and in proportion to the amount of 
heat which the glacier is receiving. The internal molecular 
pressure, resulting from the solidifying of the fluid molecules^ 
in the interstices of the ice, acts on the mass of the ice as an 
expansive force, tending to cause the glacier to widen out 
laterally in all directions. But in the case of a glacier lying 
in a valley motion can only take place in one direction, for 
the sides of the valley prevent the glacier widening, and as 
gravitation opposes the motion of the ice up the valley and 
favours its motion in the opposite direction, it is obvious that 
molecular displacement will take place in the path of least 
resistance— that is, down the valley. The ultimate result 
then is the production of motion in the same direction as that 
of gravity. 

We now see how ice cannot remain stagnant, as it were, at 
the bottom of a great basin, so as to allow the frozen mass 
that lies above the level of that basin to flow over its surface. 
The under and upper portions of the ice form one solid mass,, 
and therefore the latter cannot move over the former with- 
out shearing ; and although the resistance to motion offered 
by the sloping sides of the basin may be much greater than 
the resistance to shear, still the ice will be slowly dragged out 
of the basin.'’ For, as we have seen, heat is continually 
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passing tlirougli the glacier, and the molecular action induced 
causes the under portions of the frozen mass to expand. The 
warmth received from the sun and the external air melts the 
ice molecules at the surface, and hence water is continually 
oozing into the interstices below and solidifying there. The 
heat thus set free instantly passes over to the molecules under- 
neath, which thereupon melt, descend, and resolidify. So 
the process continues Trom the surface of the glacier to its 
bottom, where the interstices of the ice are being constantly 
filled by fluid molecules from above which necessarily freeze 
again and compel the ice to expand to make room for them. 
It is evident, however, that the ice in a basin at the bottom 
of a valley cannot expand laterally without passing up the 
sloping sides of the hollow in which it lies, and in doing so 
the direction in which it expands or moves must, of course, 
be the path of least resistance. Now this can only be the 
direction of the general flow. Hence the ice in a deep basin 
over which a glacier is passing will gradually creep up the 
slope at the lower end of the basin, no matter how steep that 
slope may be, and thereafter continue on its way down the 
valley. 

Heat is thus the great lever which forces the hard masses 
of compacted snow and ice from higher to lower levels, and 
relieves the mountains of their loads of frozen water. If it 
were not for that peculiar property of ice which enables it to 
behave in many respects like a viscous or semifluid body, all 
the waters of the earth, the myriad rivers, and lakes, and seas, 
would gradually be lifted up by the heat of the sun, and 
carried on the wings of the wind to the mountains, there to 
accumulate in vast and constantly growing masses until ocean 
and all its feeders had been exhausted. But the heat of the 
sun which, falling upon clay, sand, or solid rock, merely 
raises the temperature without changing the condition of 
these masses, pulses through the great piles of ice that cumber 
the higher elevations of alpine countries. The temperature 
of the ice itself cannot rise, but every atom of its bulk is set 
in motion, and slowly and gradually the solid heaps creep 
down hill-slope and valley, their progress being accelerated or 
retarded according to the degree of heat acting upon and 
passing through them. It is thus that during day the down- 
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ward motion of the ice is less sluggish than at night ; and for 
the same reason a glacier in summer-time moves more quickly 
on its way than in winter, when its motion is exceedingly slow, 
sometimes not reaching to half the summer rate. 

But it may he asked how it happens that a body built up 
of atoms which are constantly passing from the solid to the 
liquid state, and vice versa, nevertheless retains an unvarying 
hard and brittle condition. This is due to the property of 
regelation. When two fragments of ice at 32 ° are brought 
into contact, they instantly unite, as we have already seen, so 
as to form one solid piece. What is thus true of ice in the 
mass is equally true of its most minute atoms. Whenever 
these impinge upon one another they immediately freeze 
firmly together. No sooner does a molecule, which has 
momentarily melted, resume the solid state than it imme- 
diately unites to the other solid j^articles by which it is 
surrounded ; hence the continuity of the whole is preserved, 
and throughout its entire bulk the ice remains a solid body. 
Such is the ingenious theory advanced by Dr. Croll. 

We have now learned what are the means which Nature 
adopts to prevent the increase of snow to an indefinite extent 
upon the mountains. The under portions of the frozen heaps 
are gradually squeezed by the superincumbent masses into ice, 
and this ice thereupon begins to creep outwards and down- 
wards. At the head of an alpine valley streams of ice collect 
from the contiguous slopes, and, becoming welded together 
into one mass, creep down the bottom of the valley, forming” 
a glacier or ice river. It depends upon the size of a glacier, 
whether its journey is to be a long or short one. Often the 
ice reaches many thousand feet below the limits of permanent 
snow, amongst which it takes its birth. But sooner or later 
its progress is at last arrested by the increasing temperature, 
which melts the ice away as fast as it comes dowm. 

In its course from the regions of perennial snows down to 
where it is cut off by the increasing warmth the glacier has 
many analogies with a stream or river of water. The velocity 
of a river varies according to the inclination of the valley 
down which it flows, and this it would seem is equally true 
of glaciers. When the course of a river is rocky and falls 
rapidly, its waters are broken, and hurry on tumultuously. 


GLACIER MOTION. 




In like manner, a glacier tliat makes its way along a rongk and 
rocky valley shows a broken and tumbled surface. There 
are waterfalls and ice-cataracts. Again it is known that rivers 
flow more swiftly at the surface and the middle than they do 
at the bottom and sides, where the water is retarded by fric- 
tion: the same is the case with glaciers. The thread of a 
river’s current moves from right to left of a medial line 
according as the river winds from one side of the valley to 
the other * the icy current of a glacier follows the same dkec- 
tion. Nay, lYO may carry the parallel yet further, for the 
twigs and branches and trunks of trees which drop into a 
river and float upon its bosom are' represented in alpine 
valleys by the blocks and stones and debris wdiich fall upon 
a glacier from crag and cliif, and are borne upon its surface 
dowm the valley. From its river-like character and the 
"wonderful manner in which it accommodates itself to the form 
of a valley, narrowing "when that contracts to a gorge, and 
expanding irhen the valley again widens out, it is no "wonder 
that many eminent physicists have maintained that ice is a 
viscous body, and not the hard and brittle substance that it 
seems. When, owing to the nature of its bed, the glacier 
becomes subjected to strain or tension, however, it is always 
more or less seamed with gaping cracks or clefts which 
descend to a great depth in the ice. These CTemsm% as 
they are called, have undoubtedly been produced by the 
snapping of the ice, owing to its inability to resist strain or 
tension by stretching out. The beginning of a crevasse is 
often notified by a loud report — ^the rupturing of the ice. 
At first the crack maybe only wide enough to admit the 
edge of a knife, but it gradually opens, until frequently it 
yawms into a wide impassable chasm. The origin of these 
crevasses is due to the unequal or differential motion of the 
ice — the glacier moving faster at the surface and the centre 
than it does at the bottom and the sides, and thus bringing 
tension into play. Many fissures and crevasses also are 
caused by the inequalities of the bed over wdiich the glacier 
flows, for the bottom of a valley does not always, or even 
often, slope at the same angle throughout: some portions 
incline more rapidly than others. Now" the ice when it 
reaches in its downward progress the edge of one of these 
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steeper inclines will natnrally tend to moye more quickly, 
and to drag forward tlie ice behind it. At this point then 
a state of tension is brought about, to which the ice can only 
yield by snapping asunder. When, afterwards, the ice arrives 
at a gentler and more equal slope, its motion is at once 
checked, the gaping crevasses begin to close up, and by-and- 
by disappear altogether, until finally, under the influence of 
regelation, the ice becomes solid as before. Thus in its course 
from the snow-fields to its termination the ice is being 
continually broken by mechanical strain, and just as con- 
stantly these breakages are being repaired by the regelation 
or freezing together again of the broken faces. 

Glaciers, like rivers, are of all sizes. Many have a depth 
of several hundred feet, and some in polar regions are not 
less than 3,000 feet, or even more in thickness.^ It may 
easily be conceived that the pressure of such enormous 
masses of ice must have a prodigious effect. When a glacier 
advances beyond its usual limits everything goes down 
before it : loose soils and debris are pushed forward, and the 
strongest and thickest trees are overborne just as if they were 
so many straws. But striking as these examples of the irre- 
sistible force of a glacier may be, the destructive and over- 
whelming power of ice in motion becomes still more 
noteworthy when the rocks over which a glacier passes are 
examined. This may be done in summer-time, when the 
glaciers shrink from the sides of their valleys. Creeping in 
below the ice, which it is often possible to do for some little 
distance, we find the rocks finely smoothed and polished, and 
showing long striae and ruts, that run parallel to the course 
followed by the glacier. If we pick out some of the stones 
that are sure to be scattered about below the ice we shall find 
that many are smoothed, polished, and striated in the same 
manner as the surface of the rock itself. All this is the work 
of the glacier. The rocky precipices and mountains that hem 
in a glacier are always splitting up under the influence of 
frost, and tons of rock and rubbish are continually rolling 
down and gathering upon the surface of the ice below. Much 

* The vast sheet of ice v^hich covers the south polar regions must attain an 
enormous thickness. ^ Dr. Croll has endeavoured to show that it cannot he less 
than twelve miles thick in the interior of the Antarctic continent. Climate and 
Time^^. 375 , 
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of tliis debris falls into crevasses, and must no doubt fre- 
quently reacli tbe bottom of the ice. The stones then get 
jammed into the frozen mass, and are pressed against the 
underlying rock-head with all the weight of the superincum- 
bent glacier. Graving tools must also be supplied to the 
glacier by the wrenching of fragments from its own rocky bed. 
These and the stones received from the crevasses, thus firmly 
held in the grasp of the ice, become potent agents in grinding 
and scratching the pavement over which they are forced, 
while the smaller stones and sand and mud that result from 
the grinding process, complete the smoothing and polishing 
of the glacier’s bed. Could the glacier be removed, we should 
find the whole bottom of the valley smoothed and polished, 
and streaked with long parallel ruts. Every high projecting 
boss would be rounded and dressed on the side that looked 
up the valley ; while the rock on the lee-side, sheltered from 
the attack of ice-plough, and chisel, and graver, would retain 
all its roughnesses. Smaller and less abrupt knobs of rock 
would be rounded and polished all over, and every dimple and 
hollow would be similarly smoothed and dressed. 

The finer-grained materials employed by the ice in polish- 
ing its bed, the impalpable mud and silt, are carried out from 
beneath by the stream that issues at the foot of the glacier. 
In this manner almost all glacial rivers have imparted to 
them a turbid appearance, the colour of the water depending 
upon that of the sediment which it holds in suspension. The 
water may thus be bluish or milky, red, yellowy or dark grey. 
The stones employed by the glacier in grinding and graving 
its rocky bed are themselves ground and engraved, and num- 
bers of such smoothed, polished, and striated fragments are 
pushed out at the foot of the glacier. But they here become 
intermingled with the vast heaps of debris which have been 
discharged from the mountains and brought down upon the 
surface of the slowly moving ice. 

These heaps are called moraines. They are composed for 
the most part of rough, unpolished, angular fragments of all 
sizes, fr’om mere sand and grit up to blocks many tons in 
weight. As might be expected, they show no trace of any 
arrangement into beds or layers — ^large and small stones, 
huge blocks and angular gravel, grit and boulders, are all 
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confusedly mixed togetlier. The moraines are not scattered 
irregularly over the whole surface of the ice, save when the 
glacier is very narrow, but gather chiefly upon the sides, at 
the base of the mountain-slopes. The glacier in this manner 
becomes fringed from its origin to its termination with long 
mounds or banks of ddbris, which are constantly dropping 
over the end of the ice, and adding to the immense piles of 
rubbish collected there. These latter are the terminal 
moraines, those fringing the sides of the glacier being its 
lateral moraines. Some terminal moraines attain a great 
size, forming mounds of debris several hundred feet in height. 

One may see from the size of the moraines how great must 
be the waste of the mountains. In all mountainous regions,"^ 
indeed, the action of frost upon the rocks becomes abun- 
dantly evident. Even in our own country the tops and 
slopes of our higher hills are often buried to a great 
depth with the debris which alternate freezings and thaw- 
ings have wrenched from the solid rocks. In high lati- 
tudes the exposed rocks are almost everywhere broken up 
in this way. Von Baer found the hills on the west coast of 
Novaia Zemblia literally covered with their own wreck — no 
rock, however hard or fine-grained, being able to withstand 
the summer moisture and intense winter frost of that desolate 
country. Mr. Kennan also, in his lively- written '' Tent Life 
in Siberia,'' tells us how, upon crossing the mountains of 
Kamschatka, he found the table-land and hill-tops crowded 
with great square and angular blocks and slabs of rock, which 
looked for all the world as if they had rained from the skies ! 
They were undoubtedly the ruins of the solid rock which they 
covered and concealed, and had been detached by frost acting 
along the natural joints and fissures. In alpine countries this 
wrecking of- the mountains goes on chiefly by day, and in 
summer-time. During night, and at early morn, dead 

* In tlie upper valleys of the Himalaya the waste is something wonderful. 
See some graphic aeconnts of this in Mr. Wilson’s Abode of Snow, Hot less 
striking are the prodigious masses of superficial ddhris which cover the slopes of 
the Hocky Mountains in certain latitudes. Dr. Hayden describes certain of the 
valleys (Colorado) visited by him as being covered thickly with earth, filled 
with more or less worn rocks of every size, from that of a pea to several feet in 
diametep The snow melting upon the crests of the mountains saturates these 
superficial earths with water, and they slowly move down the gulch much like a 
glacier. This is another process of grinding the underlying rocks, smoothing 
and grooving them.” Geological and Geographical Surveg of Colorado, 1873, p. 46. 
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silence reigns among tlie snowy peaks : no streams are heard^ 
no water trickles over tke surface of the ice ; but when the 
power of the sun begins to be felt, then the noise of water 
running, leaping, and falling grows upon the ear ; soon the 



Fig. 15. — Alpine Glacier. (H. M. Skae.) 


glaciers are washed by numberless little streams ; great ava- 
lanches, wreathed in snow-smoke, rush downwards with a 
roar like thunder ; masses of rock wedged out by the frost of 
the previous night are now loosened by the sun, and dash 
headlong down the precipices, while long trains of ddbris 
hurry after them, and are scattered far and wide in wild con- 
fusion along the flanks of the glaciers. 


CHAPTER V. 


GEEENIiAKD : ITS GLACIAL ASPECT. 

Extent of Greenland. — Character of coast and interior. — The ^eat mer^ de glace . — 
Size of glaciers.—Phenomena of arctic glaciers, and origin of icebergs.— 
Submarine moraines. — Scarcity of surface-moraines in Greenland. — Glacial 
rivers. — Oircniation of water underneath the ice.— The habitable strip of 
coast-land. — Formation of ice upon the sea. — ^The ice-foot.— Waste of cliffs. — 
Transportation of rock-debris by ice-rafts and icebergs. — Action of stranded 
icebergs upon the sea-bottom. 

W E liave now acquired some knowledge of facts that bear 
upon the origin of the Scottish till, hut we shall 
gather yet further aid in our attempts to decipher the history 
of that deposit by taking a peej) at some arctic country. For 
this purpose we cannot do better than select ice-covered 
Greenland. That desolate region of the far north, despite the 
bleak and barren aspect of its coasts, and the horrors of the 
ice-choked seas that must be traversed to reach its more 
northern shores, has nevertheless been frequently visited by 
our navigators, who have jpushed their investigations many 
hundred miles north of the Danish settlements. The 
accounts which they give are chiefly taken up with descrip- 
tions of the wild ice-bound coast few attempts having been 
made to penetrate into the interior. But that cannot be 
said to he altogether a terra incognita, for, although it has 
never been, and probably never will be, traversed, yet enough 
is known to leave us in little doubt as to the general cha- 
racter of these unvisited desolations. 

The western shores of Greenland have been traced north- 
wards from Cape Farewell in the latitude of the Shetland 
Islands, to beyond the 80th parallel. The eastern and 
north-eastern coasts have not been so continuously followed, 
but our loiowledge of these has been considerably increased 
during recent years, thanks to the exertions of German and 
Swedish geographers. The superficial area of Greenland 
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cannot he less than 750,000 square miles, so that the 
country is almost continental in its dimensions. Of this great 
region, only a little strip extending to 74^ north lat. along 
the western shore is sparsely colonised — all the rest is a 
bleak wilderness of snow and ice and rock. 

The coasts are deeply indented with numerous bays and 
fiords or friths, which, when traced inland, are almost 
invariably found to terminate against glaciers. Thick ice 
frequently appears, too, crowning the exposed sea-cliffs, fi*om 
the edges of which it droops in thick tongue-like and stalac- 
titic projections, until its own weight forces it to break away 
and topple down the precipices into the sea. The whole 
interior of the country, indeed, wwld appear to be buried 
underneath a great depth of snow and ice, which levels up 
the valleys and sweeps over the hills. The few daring men 
who have tried to penetrate a little way inland from the 
coast, describe the scene as desolate in the extreme — ^far as 
eye can reach nothing save one dead dreary expanse of white. 
No living creature frequents this wilderness — ^neither bird, 
nor beast, nor insect — ^not even a solitary moss or lichen can 
be seen. Over everything broods a silence deep as death, 
broken only when the roaring storm arises to sweep before it 
the pitiless blinding snow. 

But even in the silent and pathless desolations of central 
Greenland the forces of nature are continuously at work. 
The vast masses of snow and ice that seem to wrap the hills 
and valleys as with an everlasting garment, are nevertheless 
constantly wearing away, and being just as continuously 
repaired. The peculiar properties of ice that prevent it 
accumulating upon the land to an indefinite degree, are just 
as characteristic of the snow-fields of Greenland as of those 
of alpine countries. Fast as the snows deepen and harden 
into ice upon the bleak wilds of Greenland, that ice creeps 
away to the coast, and thus from the frozen reservoirs of the 
interior, innumerable glaciers pour themselves down every 
fiord and opening to the sea. Only a narrow strip of land 
along the coast-line is left uncovered by the permanent 
snow-field or mer de glace — all else is snow and ice. 

Some of the glaciers attain a vast size. The great Hum- 
boldt glacier is said by its discoverer, Dr. Kane, to have a 
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braadtb. of 60 miles at its termination. Its seaward face 
rises abruptly from tbe level of the water to a height of 300 
feet, hut to what depth it descends is not known. Other 
glaciers of large size occur frequently along the whole extent 
of the north-western shores of Greenland. Among these is 
that of Eishlink, south of Goodhaab, which projects seaward 
so as to form a promontory some thirteen miles in length. 
This immense glacier flows from an unknovm distance in the 
interior, and buries its face to a great depth in the sea. A 
submarine bank of debris forms a kind of semicircle some 
little way in front of it, and may owe its origin, in part, to 
the stream that issues from underneath the glacier ;; but, as 
we shall see presently, a bank would necessarily gather in 
the same place, even although no water whatever circulated 
below the ice. 

I have already remarked that the Greenland glaciers dis- 
charge into the sea by fiords and indentations of the coast. 
If the ice-filled fiords could be cleared out, ive should find 
that these arms of the sea would occupy deep hollows, con- 
tinuous with long valleys stretching into the heart of the 
country. The west coasts of Scotland and Norway afford 
excellent examples of the kind of scenery that Greenland 
would present were its fiords and valleys to be freed of ice. 
In Scotland the fiord-valleys are watered by streams shed 
from the hnis of the interior, but in not a few of the 
Norwegian valleys, the streams tliat enter the fiords, when 
followed up, are found to issue from glaciers. In North 
Greenland, however, the ice generally fills up the whole 
valleyj and pushes forward into the sea. Only in a few cases 
do the glaciers terminate inland and thus give rise to rivers. 
Yet even when they enter the sea, fresh water continues to 
escape from underneath the ice, discolouring the sea with 
the sediment which it sweeps out along with it, and even to 
some extent diminishing its saltness. . 

Many arctic glaciers are so thick and massive that they 
glide boldly on over the bed of the sea, and thus displace 
the water often for many, miles. Instead of the deep fiords 
being filled with sea-water, as is the case in Scotland and 
Norway, they are occupied' entirely by ice. When the glacier 
in its downward progress* first entered the sea at the head of 
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a fiord, it mtist fiave towered for m feet above 

tlie level of the water. But as it continued on its course, 
and crept onward over tlie deepening bed of tbe fiord, it 
gradually buried its lofty face in tbe waves, until, when it 
reacbed tbe lower end of tbe fiord and entered the open sea, 
its front rose only a little height above the reach of the tides. 
Thus, the sloping platform of ice that faces the sea, however 
lofty it may be, must bear only a small proportion to the 
much greater thiclmess of ice concealed below. [See Plate II.] 
It is web. known that ice is not by any means so heavy as 
water, but readily floats upon its surface. Consequently, 
whenever a glacier enters the sea, the dense salt water tends 
to buoy it up. But the great tenacity of the frozen mass 
enables it to resist the pressure for a time. By-and-by, 
however, as the glacier reaches deeper water, its cohesion is 
overcome, and large segments are forced fr’om its terminal 
front and floated up from the bed of the sea to sail away as 
icebergs. As there is considerable misapprehension about 
the formation of icebergs, it is necessary to look a little more 
closely at the facts, because, as we shall afterwards see, they 
have a strong bearing on the origin of the Scottish till. 
Some have supposed that the whole mass of the glacier, after 
it has entered the sea for some little distance, becomes 
buoyed up, retaining at the same time its continuity with 
the landward portion of the ice or mer de glace. But from 
what has already been explained regarding the total inability 
of ice to yield to mechanical strain in any other way save by 
breaking, it becomes obvious that the seaward portion of an 
arctic glacier cannot by any possibility be floated up without 
sundering its connection with the frozen mass behind. So 
long as the bulk of the glacier much exceeds the depth of 
the sea, the ice will of course rest upon the bed of the fiord 
or bay without being subjected to any strain or tension. 
But when the glacier creeps outwards to greater depths, then 
the superior specific gravity of the sea-water will tend to 
press the ice upward. That ice, however, is a hard, con- 
tinuous mass, with sufficient cohesion to oppose for a time 
this pressure, and" hence the glacier crawls on to a depth far 
below the point at which, had it been free, it would have 
risen to the surface and floated. If at this great depth the 
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Avliole mass of tlie glacier could be buoyed up witbout 
breaking off, it would certainly go to prove that the ice of 
arctic regions, unlike ice anywhere else, bad tbe property of 
yielding to mecbanical strain witbout rupturing. But tbe 
great tension to wbicb it is subjected takes effect in tbe 
usual way, and tbe ice yields, not by bending and stretching 
but by breaking. Tire diagram (Fig. 16 ) will give a clearer 
notion of the relation wbicb an arctic glacier bears to its 
rocky bed and the sea wbicb it displaces. Let s Z represent 
tbe level of tbe sea. Tbe glacier g enters the sea and creeps 
on until it reaches a point t, at wbicb the pressure of the 
water overcomes tbe cohesion of tbe ice, and forces off 
a large segment from’ the front of the glacier. This seg- 
ment then floats away as an iceberg i, with probably some 
stones frozen into its bottom. Tbe debris underlying the 
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. 16* — Greenland glacier shedding an iceberg. 

ice will now be partially exposed at h — tbe place formerly 
occupied by tbe iceberg. After a time tbe glacier will again 
advance to t, pushing before it some portion of tbe debris 
seen at h. By the successive shedding of icebergs and the 
continuous advance of the glacier, a mound of rubbish will 
tend to collect at m — the materials of which will probably 
be partially arranged by tides and any streams of fresh water 
that may happen to issue from the bottom of the glacier. 
Of course the seaward front of a glacier does not necessarily 
present a regailarly perpendicular face down to the bottom 
upon which it rests, such as is shown in the diagram above. 
In most cases, probably, the ice is deeply excavated below 
the water-line so as to cause the portion visible at the sui-face 
to overhang, and thus ever and anon large masses, losing 
their support, slip downwards and float away as icebergs. 
Hence, it is evident, that owing to the continual melting of 
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tlie submarine part of tbe glacier only a very insignificant pro^ 
portion of tbe stones and rubbish dragged on underneath can 
possibly be carried awaj^ by icebergs. A few stones may 
occasionally remain frozen into the bottom of the detached 
icebergs, but it is evident that the greater portion of the 
subglacial deposit must remain upon the bottom of the sea.. 
The existence of such frontal or terminal submarine moraines 
is not merely hypothetical. They are well known to occur— 
the Tallert Bank in front of the glacier- of Eisblink being a 
very good example.'"" 

Thus, from its origin in the interior of Greenland, to its 
termination in the sea, the glacier clings pertinaciously to its 
bed. It nowhere floats so as. to allow the sea to get in 
below, but when the pressure of the water becomes too much 
for it, immense fragments break away, and rise to the sur- 
face, causing the sea sometimes, to boil like a pot.'' 

But before attempting to describe the phenomena con- 
nected with floating ice, I have still to glance at some of the 
appearances exhibited by the ice upon the land.. 

In general appearance the glaciers of Greenland do not 
differ, save in size, from those of other coiintries..f When 
the bed of an arctic glacier is rough and irregular, the ice 
becomes intensely broken and crevassed, just as we saw was 
the case with the smaller ice-rivers of the Alps. The arctic 
glaciers are also in summer-time washed by innumerable 
streamlets and rivers due to the melting of the ice. Pro- 
fessor Nordenskjold, who made an excursion on the inland 
ice for a distance of thirty miles from the head of Auleitsivik 
Fiord (68° north lat.), tells us how his retreat was for a time 
cut off by a copious deep and broad river which could not be 
crossed without a bridge. But when he followed it in the direc- 
tion of the current he found ere long that it rushed with a 
loud roar down a perpendicular cleft in the ice to the depths 
below. Again, he and his companion saw at some distance 

* Opposite the whole front of the great glacier of Edge Island (Spitzbergen), 
there is a similar extensive submarine hank which stretches seawards for fifteen 
or twenty miles. Yachting in the Arctic Seas (Lamont), p. 242. 

t From recent observations in North Greenland, by Mr. Amund Helland, it 
would app^r that the rate of motion is greater in certain arctic glaciers than in 
those of the Alps, from which Mr. Helland infers that the ancient glaciers of the 
Ice Age probably flowed as fast at least as those of Greenland. Om cfe isfgldU 
Fjorde eg de glaciate Banneher i lYordgronland ; 
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so 

from them, a well-defined pillar of mist, which, when they 
approached it, appeared to rise from a bottomless abyss, into 
which a mighty glacier river fell The vast roaring water- 
mass had bored for itself a vertical hole, probably all the 
way down to the rock, situated certainly more than 2,000 feet 
beneath, on which the glacier rested.”* This of course is 
just the same phenomenon as the well-known moulin of 
Alpine glaciers. 

It is only very rarely that any scattered stones and debris 
appear upon the surface of the arctic glaciers. This is owing 
to the fact that the whole interior of the country is so 
effectually concealed beneath its coat of snow and ice that no 
bare rocky slopes from which fragments might be detached 
are left exposed to the action of the fr'ost. All the inland 
valleys appear to be filled up and levelled to the tops of the 
hills, only the extreme tips of which appear here and there 
above the bleak wastes of the mer de glace. Hence there is 
well-nigh a total absence of those long trains of debris t that 
thunder dowm the steeps of the Alpine mountains, and gather 
in heaps along the sides of the glaciers. It is not until the 
glaciers of Greenland descend to the sea-coast, where the 
cliffs and mountains that overlook them are more exposed to 
the action of the ^veather, that they begin to receive a goodly 
tribute of blocks and boulders. But the fiord -valleys in 
W’hich the glaciers lie, are in general so broad, that vast 
expanses of ice show no speck of stone or dust — it is only 
here and there along their flanks that some bare cliff' is able 
to shower down ui)on them a heap of frost-riven debris. 
The greatest apparent waste of rocks takes place upon the 
exposed sea-coasts, where the frost has full freedom to split 
up the crags and hurl them downwards. But when we think 
of the immense extent of the glacier system of Greenland, 
and how in the interior every hill is covered and every 
valley filled to overflowing with a moving sea of snow and 
ice, we can hardly overestimate the tremendous tear and 
wear to which the buried country must be subjected. We 

^ vo3. ix., p. 360. 

t I)r. Eink obtamed from tbe top of a mountain at IJpernaTik, a good yibvj 
into tlie interior of Greenland, and saw lines of stones dotting the surface of the 
ice as far as the eye could reach ; from which he inferred that still farther to the 
east there must he hare cliffs or precipices rising above the mer de glace. 
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liaTG seen wliat effect tlie small glaciers of the Alps have in 
smoothing and scoring the rocks of Switzerland, and under- 
neath the ice of Greenland similar grinding, and scratching, 
and polishing must be taking place. Rough crags and sharp 
projecting bosses of rock will have all their asperities I’e- 
moved ; the tops and sides of mountains will be smoothed 
and dressed, nor can we doubt that valleys will be gradually 
deepened, and heaps of striated and polished stones will 
accumulate and be dragged on underneath those mighty ice- 
rivers which are ever slowly making their ^vay from the 
interior to the sea. 

But all the glaciers of Greenland do not reach the sea. 
Some even terminate at a distance of many miles from the 
coast. From the foot of such glaciers streams of water issue 
and flow all the year round. In some cases these streams 
unite so as to form considerable rivers, one of which, after a 
course of forty miles, enters the sea with a mouth nearly 
three-fourths of a mile in breadth. Dr. Kane, who discovered 
and named this river the Mary Minturn River, seems to have 
been much impressed with the appearance of such a body of 
fresh water flowing freely at a time when the outside sea was 
thickly covered wuth ice. It is highly probable, however, 
that water circulates to some extent below every glacier, 
independently of that which rushes down in summer time 
through clefts and holes from the surface. The intense cold 
of an arctic winter penetrates to only a comparatively little 
distance from the surface of the ground. If it were other- 
wise — if the winter temperature of North Greenland could 
penetrate to any depth, it is clear that not a drop of w^ater 
in any of its valleys would be permitted to remain in the 
liquid state, and the short summer would be unable to set 
free more than that wdiich laves the surface of the inland ice. 
It is well known, however, that upon digging down through 
the snow to the underlying soil, the temperature of the latter 
is found to be considerably higher than that of the external 
atmosphere. Snow and ice are bad conductors of heat, and 
thus the warmth imparted to the ground in summer is never 
entirely dissipated, but imprisoned, as it were, by the invest- 
ing sheet of snow. In like manner, the rocks that are per- 
manently concealed under the mer de glace and the gi'eat 
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glaciers, must retain pretty nearly tlie same temperature all 
the year round. It is quite impossible that the intense cold 
of winter can pierce entirely through the thick ice ; or, on 
the other hand, that the higher temperature of the rocks 
can make its escape upwards. Hence any natural springs 
that may rise below the glaciers will continue to flow on 
beneath the ice, while the temperature of the rocks them- 
selves, and the heat derived from the intense friction of 
the glacier grinding upon its bed must tend to melt the 
under portions of the gelid mass, and thus materially add to 
the volume of water in circulation betwixt the ice and its 
pavement. 

Between the edge of the mer de glace, or snow-field, of 
Greenland and the sea, there intervenes a narrow strip of 
country, from which, in summer-time, the snow almost entirely 
disappears. In the sheltered nooks of this narrow tract of 
land, the short summer suffices to waken from their long 
winter sleep numerous feeble flowerets that gleam and 
twinkle timidly among thick tufted grasses. Here the purple 
lichnis and white-starred chickweed, with many other sweet 
little plants, blossom and bloom under the fleeting sunshine. 
Dwarf heaths, willows, and alders are also plentiful, and the 
barren rocks put on a gay livery of orange-coloured lichens. 
The musk-ox, the reindeer, the arctic fox and hare frequent 
these solitudes, and numerous flocks of sea-birds enliven the 
coasts ; only to disappear, however, as soon as the fading 
day warns them of the approach of the long night of winter. 
Of course the Esquimaux are entirely confined to this narrow 
belt of ground adjoining the sea; of the interior of the 
country they know nothing. 

A glance at a map of the western hemisphere will show 
that Greenland is separated from Labrador, and the bleak 
islands that flank the northern coasts of America, by a broad 
belt of water, the wider portions of which are known as 
Davis Strait and Baffin’s Bay. Towards the far north, this 
water-belt suddenly contracts to a comparatively narrow 
strait at Smith’s Sound, but afterwards expands again into 
Kennedy’s Channel, beyond which nothing until recently 
was definitely known. Throughout the greater part of the 
year, this wide belt of sea is always more or less clogged 
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with ice. In winter-time it is nearly all frozen over, but in 
summer the ice breaks up into a tumbled archipelago of 
floating islands, through which an adventurous voyager may 
make his way with difficulty and danger, up to where the 
belt begins to contract at Smith’s Sound. There can be 
little doubt that the comparatively sheltered character of 
much of this region aids the formation of the ice upon the 
sea ; for wffien the expeditions of Dr. Kane and Dr. Hayes 
traced the coast -lines to the far north, they found, where 
these suddenly retired, that the ice-choked w^ater of Ken- 
nedy’s Channel expanded into a wide open sea that rolled 
its great billow^s against long lines of black cliffs, and seemed 
to stretch aw^ay as far as eye could reach towards the pole.* 

Again, upon the eastern shores of Greenland, wiiich are 
exposed to the full sw^ell of the ocean, ice never accumulates 
to such an extent as it does in Baffin’s Bay. The high 
cliffs, therefore, that overlook the water-belt of Davis Strait 
and Baffin’s Bay, must protect the sea to some extent from 
those fierce storms wiiich in Open ocean throw the water into 
violent commotion and prevent ice forming. Dr. Hayes, 
with a small party, climbed from the shore near Port Foulke 
and ventured upwards of sixty miles upon the snow-covered 
table-land, but w^as overtaken by a storm of such violence, 
that it was with great difficulty he succeeded in making 
good his return. The travellers found, as they descended 
tow^ards the coast, that they gradually escaped the fury of 
the wind ; and when at last they reached the sea-level, all 
there w^as peaceful and quiet : although they could see, by 
the great clouds of snow^-dust which continued to stream out 
from the crest of the towering cliffs, that the storm still 
raged with undiminished fury on the bleak table-land above 
them. 

The ice formed upon the surface of the sea, by direct 


* Captain Hall, in the FolariSi subsequently (1871) discovered that the “ open 
polar sea ” of Kane and Hayes was merely a continuation of the great inlet or 
strait of which Smith’s Sound and Kennedy’s Channel form portions. When Hall 
sailed farther north he found that the channel again contracted (lat. 81“ 16' K.), 
but there was still a water horizon to the north-east. It is remarkable that the 
climate of Hall’s winter-quarters in 81° 38' K., was considerably milder than 
it is several degrees farther south. Long before these lines appear it is to be 
lioped that the expedition, which so recently left our shores, will have solved the 
mysteries that lie beyond Polaris Bay and Kobeson Strait. 
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freezing, rarely attains a greater thickness than eighteen or 
twenty feet ; and where the water is liable to more or less 
agitation, it is usually much less. There is a limit to the 
influence of frost upon the sea, just as there is upon the 
solid ground. The cake of ice protects the underlying water 
even as snow shelters the earth. As the ice rapidly thickens, 
the wai-m temperature of the sea finds increasing difficulty in 
soaking upwards through its crystalline roof, until at last it 
becomes practically imprisoned. Thus, with the warmth of 
the sea shut in, and the cold of the external air shut out, 
the ice-cake comes to assume its maximum thickness soon 



Fig. 17.— ’Greenland Ice -foot. [H. M. Skae.] 


after the ‘winter sets in ; the intense cold of the later winter 
months adding little, if anything, to its depth. 

The sea4ce, where it abuts upon the land, reaches a much 
greater thickness than that which is formed off* shore. Along 
the coast from near the Arctic Circle up to Kennedy’s Channel, 
a narrow shelf or platform, varying from sixty to one hun- 
dred and fifty feet or so in breadth, adheres to the rocks, 
accommodating itself to every sweep and indentation of the 
coast-line. In the higher latitudes this shelf never entirely 
disappears, but farther south it breaks up and vanishes 
tovrards the end of summer. It owes its origin to the action 
of the tides. The first frost of the late summer covers the 
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sea with a coat of ice, which, carried upwards along the face 
of the cliffs by the tide, eTentually becomes glued to the 
rocks. In this position it remains, and gradually grows in 
thickness with every successive tide until it may i*each a 
height of thirty feet, and sometimes even more, presenting 
to the sea a bold wall of ice, against which the floes grind 
and crush, and are pounded into fragments. Its growth only 
stops with the advent of summer, when it begins to yield 
to the kindly influence of the sun, and to the action of the 
numerous streams that issue from the melting glaciers, and 
lick out for themselves deep hollows in the shelf as they rush 
outwards to the sea. 

During summer, vast piles of rock and rubbish crowd the 
surface of the ice-foot. These are of course derived from 
the clifl's, to the base of which the ice-foot clings. To such 
an extent does this rock-rubbish accumulate, that the whole 
surface of the shelf is sometimes buried beneath it and 
entirely hidden from view. In the far north, where the ice- 
foot is perennial, it becomes thickly charged with successive 
deep layers and irregular masses of rock and debris — the 
spoil of the summer thaws ; and when, as frequently happjens, - 
portions of this ice-belt get forced away from the land by the 
violent impact of massive floes, the current carries southward 
the loaded ice, which ere long will drop its hiuxlen of rock 
and rubbish as it journeys on, and warmer tem23eratures 
begin to tell upon it. Along that f)art of the coast of Green- 
land where the ice-foot is shed at the end of eveiy summer, 
the quantities of rock ddbris thus borne seaward must be 
something 2 )rodigioiis. 

But the rafts detached from the ice-foot must occasionally 
float from the coast other records of the land besides frag- 
ments of its bleak cliffs. Dr. Kane describes the skeleton 
of a musk-ox which he saw firmly embedded in the ice 
of the ice-foot, along with the usual stones and debris. 
We cannot sup 2 )ose that this is an isolated and solitary case. 
On the contrary, when we consider the position of the ice- 
foot, stretching as it does along the whole coast-line and con- 
stantly receiving the waste of the land, it does not appear at 
all improbable that the remains of the arctic mammalia may 
not infrequently get frozen into the ice-foot, and eventualiy 
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be carried out to sea. It is quite true tliat these animals 
do not abound throughout the maritime regions of Green- 
land, yet here and thei^e in fayoured spots they collect in 
considerable herds. 

The ice-foot is not the only carrier of stones from Green- 
land. Glaciers, as we have seen, enter the sea at many 
places along the arctic coasts — often filling up those long 
deep sea-valleys or fiords which, in lower latitudes, form 
commodious natural harbours, and frequently penetrate for 
many miles into the interior of a country. Of such a cha- 
racter are the friths and fiords of Scotland and Norway. A 
glance at a good chart df Greenland will show that similar 
inlets of the sea occur yeiy numerously along the west coast 
of that country as far north as Fpernayik. But as we follow 
the coast-line to still higher latitudes, the sea no longer 
invades the land in the same way as to the south of Uper- 
navik. The deep fiord-valleys still continue, but they are 
choked mp with glaciers, which have pushed out the sea and 
occupied its place. As these glaciers slowly creep on to 
profounder depths, a point is reached at which, as already 
described, the pressure of the dense sea water becomes too 
strong for the tenacity of the glacier to resist ; and there- 
upon the ice ruptures and great masses surge upwards and 
float away as icebergs. Some of these bergs attain a prodigious 
size. Dr. Hayes measured one which had stranded off the 
harbour of Tessuissak to the north of Melville Bay, and esti- 
mated it to contain about 27,000,000,000 of cubical feet. 
This berg could not have weighed less than 2,000,000,000 
tons ; it was aground in water nearly half a mile in depth. 
What, then, must have been the thickness of the glacier from 
which it had been detached? Captain Ross, in his first 
’yoyage, describes another iceberg of gigantic proportions. 
This mass of congelation had stranded in sixty-one fethoms 
of water, and its weight was estimated at 1,292,397,063 tons. 

It is highly possible, as I have shown at page 48, that 
icebergs carry away with them stones which were frozen into 
their bottoms at the time when they formed part of the 
glaciers. But the proportion of stones thus transported must 
be very small ; only a few boulders at most can adhere in this 
way to the ice. In places, however, where the glaciers are 
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OYerlooked by rocky precipices, as is frequently the case just 
before the ice-rivers pour themselves into the sea, the glaciers 
become sprinkled along their sides with rocks and debris 
detached by frost from the cliffs above. But owing to the great 
breadth of the glaciers, it can be only an infinitesimal portion 
of their surface that is so sprinkled The great Humboldt 
glacier has a breadth of upwards of sixty miles; and is 
continually shedding icebergs along its whole vast extent of 
frontage. But with the exception, perhaps, of those icebergs 
that break away from the extreme corners at the north and 
south, none of the others carry seawards any stones what- 
ever, save what fragments may have become jammed and 
frozen into their bottoms. By far the larger number of the 
arctic icebergs, therefore, contain .no extraneous matter, and 
melt away in mid ocean without leaving behind them any 
record of their voyage. Now and then, however, icebergs 
which have at one time formed portions of the side of a 
glacier are heavily laden with ddbris, and as bergs float much 
deeper than detached masses of ice-foot, they come more under 
the influence of oceanic currents, and thus, despite winds and 
tides, are frequently carried immense distances before they 
finally melt aw^ay. Sailors have met with them as far south 
as the Azoi'es, so that memorials of the arctic lands must be 
widely scattered over the bed of the Atlantic Ocean. It is 
curious to speculate upon the manner in wiiich these 
memorials will be distributed across the floor of the sea. 
Many deep-sea soundings have made ns aware that the ocean 
is of very irregular depth ; there are submarine 23lateaux, 
and hills and valleys, just as there are subaerial table-lands, 
and mountains, and dales. And we can easily imagine how", 
as the melting icebergs drift southw^ards and drop their 
burdens as they go, fragments of rock, chipped by the frost 
or torn by the glacier from the bleak cliffs and mountains of 
Greenland, will come to rest sometimes upon submarine hill- 
tops, sometimes in submarine valleys. 

Occasionally icebergs run aground, and in this position are 
rocked to and fro, and sometimes wheeled about, by the force 
of the currents. This oscillatory movement is usually ac- 
companied by loud noises, and the sea becomes turbid often 
for more than a mile with the mud which the rocking berg 
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stirs up from the bottom. It frequently happens, too, that 
•when a strong swell is running in upon a stranded berg, the 
ponderous mass, after for some time swinging fearfully from 
side to side, will heel right over, and split up into smaller 
fragments, which thereupon float away. 

Icebergs do not grate continuously along the bottom of 
the sea; when they once run aground their progress is 
stopped, until by gradual melting or by splitting up into 
smaller pieces, they are again floated off and swept on by 
the currents. Now and then, however, a berg propelled by 
the tide may work its way for a short distance over a shoal 
or up a gently sloping beach ; but it is evident that it will 
do so in a most irregular manner, and will very soon cease 
to advance. When a berg has stranded, all that currents 
can do is to drive it forward into any soft mud and sand 
that may happen to be lying upon the sea-bottom ; but the 
motion of , the ice will soon be arrested by the accumulation 
of debris pushed on in front. A mass of ice 3,000 feet 
thick would certainly make havoc of any loose incoherent 
beds of silt and sand into -which it might plough ; or, should 
it run aground upon a reef, it would doubtless pound and 
crush the hard rocks that formed the pivot upon which it 
oscillated. But although the rocky coasts of North America 
have often been examined with a view to discover striated 
surfaces that could be shown to be the work of icebergs, 
yet nothing has been observed to lead us to believe that 
striations and markings, like those produced by glaciers, are 
ever the result of iceberg action. 

In this rapid sketch of certain phenomena of the arctic 
regions attention has been confined to such facts as have 
a geological bearing. Nor have all these been exhausted ; 
there still remain some interesting questions to be discussed 
in connection with the marine life of the arctic regions. 
But this part of my subject must be deferred to a subsequent 
page, when I come to consider the history of the later 
drift deposits. 


CHAPTEE VI 


ORIGIN OF THE TILL AND ROCK-STRIATIONS AND GROOVINGS 
OF SCOTLAND. 

Stones of the till are glaciated. — Till not like terminal moraine -matter. — Mud 
of glacial rivers. — Till not an iceberg deposit. — Rock-strim produced by 
glaciers. — Scotland once covered with ice. — Direction of the ice-flow in tbe 
Highlands ; in the Southern Uplands ; in the Lowlands of the great 
Central Valley. — Absence of superficial moraines. — Stones in the till derived 
from the subjacent rocks, not from precipices overhanging the ice. — Stones 
and mud below ice forming a moraine profonde, or ground-moraine. — Unequal 
distribution of this deposit explained. 

I N Cliapter II some account was given of tlie till, tlie 
lowest-lying, and therefore the oldest, of the superficial 
deposits of Scotland. It will be remembered that this 
de] 30 sit was described as a more or less tough tenacious clay, 
crammed with a jDell-mell assemblage of stones— these stones 
being of all shapes and sizes, and almost invariably showing 
smoothed, polished, or scratched faces. Now, from what we 
know of glaciers and glacial action, we can have no difficulty 
in coming to the conclusion that in some way or other ice 
has been concerned in the j)roduction of till. We look 

in vain for striated stones in the gravel which the surf 
drives backwards and forwards on a beach, and we may 
search the detritus that brooks and rivers push along their 
beds, but we shall not find any stones at all resembling those 
of the till. Running w^ater is powerless to produce anything 
of the kind ; it will round and smooth rock-fragments, no 
matter how hard they be, but it cannot cover them with stria- 
tions. The boulders and stones of the till undoubtedly owe 
their shaping and scratching to the action of ice. Just such 
stones, as we have seen, are exposed beneath the over- 
hanging sides of a glacier when the sun has caused the ice 
to shrink back and disclose a portion of its rocky bed, and 
numbers might be picked out of its terminal moraines— 
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those heaps of rubbish which a glacier brings down or 
pushes before it. But we cannot fail to remark that 
although scratched and polished stones occur not infre- 
quently in the frontal moraines of Alpine glaciers, yet at 
the same time these moraines do not at all resemble till or 
boulder-clay. The moraine consists for the most part of 
a confused heap of rough angular stones and blocks, and 
loose sand and ddbris ; scratched stones ai’e decidedly in a 
ininority, and indeed a close search will often fail to show 
them. Clearly, then, till is not of the nature of a terminal 
moraine. Each boulder-clay stone gives evidence of having 
been subjected to a grinding process. Every fragment has 
either been jammed into the bottom of a glacier, and, held 
firmly in that position, has been gr.ated along the rocky 
surface underneath, or over a pavement of the tough stony clay 
itself ; or, enclosed in the slowly moving siibglacial debris of 
gravel, sand, and mud, it has in like manner been brought 
again and again into forcible contact with the rocky floor, as 
the material gathering below wa;S pressed and squeezed and 
rolled forward by the ice. In such a position the stones 
would naturally arrange themselves in the line of least 
resistance ; hence it is that the most distinct ruts and striae 
coincide with the longer diameter of the stones. But when 
the stones and boulders which are dragged on underneath a 
glacier approach a round or oval shape they can have no 
tendency to lie in any particular way, and so will come to be 
scratched equally well in all directions. For obvious reasons, 
soft rocks, like sandstone, will not attain so good a polish as 
hard limestone or close-grained shale ; nor shall we expect to 
find the stones rounded like gravel or shingle, for they 
cannot move so freely under ice as pebbles do under water. 
Frequently, however, they will be rolled over and compelled 
to shift their position ; but this process will only result in 
smoothing off their sharper edges and in marking them with 
irregular striae. “ 

AVe can see also why larger stones should commonly be 
marked with coarser striae than are imprinted on the smaller 
ones ; for their own weight in the first place will insure for 
them a greater intensity of grinding ; and in the next place 
it is evident that the debris in which such big blocks are 


ORIGIN OF TILL AND ROCK’STRI^. 


6r 


embedded under tbe ice will not yield so readily above them, 
and consequently they will be subjected to greater pressure 
upon the rocky bed over which the debris is being rolled. 
Small stones when they are pressed against the glacier bed 
will, on the other hand, sink more easily upwards into the 
debris above them, and thus escape the deep scoring that 
befalls the larger fragments. If each fragment received its 
strim only while held firmly frozen into the bottom of the ice, 
then there is no reason why the smaller stones should not be 
covered with as many harsh scorings as the bigger boulders : 
but the fact that a relation does exist between the coarseness 
of the strise and the size of the stone upon wdiich these 
strise are engraved, points to the movement under the ice of 
a considerable mass of subglacial debris. 

All the appearances above referred to are actually found, as 
we have seen, to characterize the stones in the till; and such 
being the case, we can hardly resist the conclusion that the 
wdiole deposit — clay and stones alike — ^has in some way or 
other been formed below ice. We look in vain, however, 
amongst the glaciers of the Alps for such a deposit The 
scratched stones we may occasionally find, but where is the 
clay ? We take our stand at the foot of a glacier and watch 
the river as it leaps forth from its cave of blue ice. Not a 
few visitors, I suppose, have been surprised at the turbid 
appearance of the ice-born river. Why should the melting 
glacier give rise to such a milky-white, or, as is sometimes 
the case, yellow-brown stream ? If we lift some of the water 
in a glass and examine it, we shall find that its colour is due 
to the presence of a very fine impalpable mud. In the more 
sheltered reaches of a glacial river this mud will occasionally 
accumulate to some depth. It is an unctuous, sticky deposit, 
and only requires pressure to knead it into a tenacious clay. 
There can be no doubt whatever that it owes its origin to the 
grinding power of the glacier. The stones and sand which 
the ice forces along are crushed and pulverised <against each 
other and upon the rock below, and the finer material result- 
ing from this action is what renders the glacial rivers turbid 
and milky. If there were no water to wash out the mud 
formed in this way below the glacier, it is evident that not 
only scratched stones but clay also would gather underneath 
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the iee, and be pushed out at its termination ; and this clay, 
owing to excessive pressure and to the finely divided nature 
of its ingredients, wmild be hard and tough. The till of the 
Scottish Lowlands, when it has been exposed to the influence 
of the weather, sooner or later crumbles down, and, when 
water washes over it, then that which was once a hard tough 
clay becomes a soft, sticky, unctuous mud, that clings per- 
sistently to everything it touches. No one who compares 
this mud with that derived from the glacial waters of the 
Alps will fail to notice their similarity. Thus, whether w^e 
consider the character of the stones in the till, or the nature 
of the clay, w^e are almost equally convinced that both have 
had a glacial origin. 

It is clear, however, that the conditions for the gathering 
of a stony clay-like till do not obtain (as far as Ave kno\r) 
among the Alpine glaciers. The upper reaches of the Swiss 
valleys are, as a rule, too steep, and there is too much "water 
circulating below the ice to allows any considerable thickness 
of such a deposit as till to accumulate. Neither can till owe 
its origin to icebergs. If it had been distributed over the 
sea-bottom it w^ould assuredly have showm some kind of 
arrangement. When an iceberg drops its rubbish, it stands 
to reason that the heavier blocks -will reach the bottom first, 
then the smaller stones, and lastly the finer ingredients. 
There is no such assortment visible, however, in the normal 
till; but large and small stones are scattered pretty equally 
through the clay, which, moreover, is quite unstratified. 
Again, putting aside the unstratified character of the till, w^e 
cannot fail to remark that the great mass of stones and debris 
which icebergs carry seawards, consists almost exclusively of 
rough, unpolished angular fragments which have tumbled upon 
the surface of the ice from cliffs and precipices. The only 
polished and striated stones that an iceberg can possibly steal 
aw’-ay with are the few w^hich may have got jammed into its 
base before it was shed from its parent glacier, or an 
occasional boulder that may have worked its way up, as it 
were, from the bottom in the manner to be described in the 
sequel (see Chapter XYIIL). Such being the character of the 

* To certain appearances of stratification presented by some stony clays, I 
sball refer in the sequel (see cbap. xvii.). 
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debris borne seawards upon glaciers, it is evident that the 
till, with its pell-mell accumulation of finely polished and 
striated stones, cannot be of the nature of iceberg droppings. 
These are strong reasons for rejecting the iceberg theory of 
the origin of till or boulder-clay, yet they are not by aii}^ 
means the most cogent, as will be seen by-and-by. 

Since till, then, cannot be formed in and deposited by 
water in the same way as gravel and sand^ — since no such 
deposit accumxilates as a terminal moi^aine in Alpine valleys, 
nor can possibly be the result of iceberg droppings — what 
other explanation of its origin can be given ? To answer 
this question, we must for a little recall certain other 
phenomena associated with the till. When that deposit is 
removed from the underlying rocks, these almost invariably 
show either a well-smoothed, polished, and striated surface, or 
else a highly confused, broken, and smashed appearance. But 
scratched and polished rock-surfaces are by no means con- 
fined to till-covered districts. They are met with everywhere 
and at all levels throughout the country, from the sea-coast 
up to near the tops of some of our higher mountains. The 
lower hill-ranges, such as the Sidlaws, tlie Ochils, the Pent- 
lands, the Kilbarchan and Paisley Hills, and others, exhibit 
polished and smoothed rock-faces on their very crests. 
Similar markings streak and score the rocks up to a great 
height in the deep valleys of the Highlands and Southern 
Uj)lands, and throughout the Inner and Outer Hebrides and 
Orkney and Shetland the same phenomena constantly occur. 
The dii'ection of the parallel ruts and striations coincides, as a 
rule, with the line of the principal valleys. In the Northern 
Highlands, for example, they keep parallel to the trend of the 
great glens; and in the Southern Uplands likewise they 
follow all the windings of the chief dales and ‘Uiopes.” In 
the Lowlands, however, their direction does not appear to be 
influenced so much by the configuration of the ground ; for 
they often cross low valleys at right angles or nearly so, and 
sweep up and over intervening hills, even when these happen 
to have an elevation of upwards of 1,800 feet above the sea. 

The scratches upon the rocks have exactly the same appear- 
ance as those that crowd the surface of the boulder-clay stones ; 
but whereas the striations on the latter may cross and recross, 
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those upon a surface of rock usually run in one and the same 
direction. Sometimes, however, we meet with exceptions to 
this rule, when two or even three sets of strise may be observed 
upon the same surface of rock But such cross-hatchings do 
not occur very often, and seem to be confined to the lowland 
districts ; at all events, I have never seen them in any of the 
valleys of the Highlands or Southern Uplands. No one who 
shall compare the dressed rocks with the scratched stones can 
have any doubt that both owe their origin to the same cause. 
If glacier ice scratched the stones, then the rocks must have 
been smoothed and dressed by the same agency. The work 
cannot possibly have been done by icebergs, for floating ice 
has no power to grate along the sea-bottom, so as to polish 
and dress submarine hills and valleys. The agent that per- 
formed the work has actually clung to the ground, and accom- 
modated itself to every inequality of surface — ^liere rounding 
and smoothing knobs and bosses of rock, there sliding into 
and polishing dimples and depressions. In short, the appear- 
ances tally precisely with what has been observed in the val- 
leys of the Alps and elsewhere. When we have the oppor- 
tunity of examining the deserted bed of a glacier, we find it 
smoothed and dressed in every part. Wherever the ice has 
been able to get at the rock it has ground, scratched, and 
polished it. Nor can any reasonable person resist the con- 
clusion that the dressed rocks of Scotland have been worked 
upon by ice in the same way. We must believe that all the 
hills and valleys were once swathed in snow and ice ; that the 
whole of Scotland was at some distant date buried underneath 
one immense mer de gfJacc, through which peered only the higher 
mountain-tops. This is no vague hypothesis or speculation 
founded on uncertain data, no mere conjecture which the 
light of future discoveries may explode. The evidence is so 
clear and so overwhelmingly convincing that we cannot resist 
the inevitable conclusion. Suppose some visitor who had only 
newly arrived in our country were to stumble in the course of 
his wanderings upon a deserted line of railway, where the old, 
battered rails gave evidence of having been well used, he 
surely would require no reflection to conclude that cars and 
waggons must frequently have passed along the line. What 
would be thought of our visitor’s sanity if he were to reason 
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in tliis way : — “ Altliougli tliis looks very like a railway, with 
its eml 3 ankments and rails and sleepers, yet I cannot think it 
is so, for no trains run upon it, and I have been here several 
months, but in all that time have never seen it used Now 
old embankments and worn-out rails are no more convincino: 
proofs of the former passage of wheeled carriages than the 
smoothed, scratched, and rounded rocks are of the grinding 
action of old glaciers; and the incredulity that would reject 
the evidence of the latter might well be expected to treat the 
former in a similar way. 

Since, then, we must believe that the dressed and rounded 
rocks could only have been so dressed and rounded by land- 
ice, it follows that wherever such rock-surfaces occui', there at 
one time a glacier must have been. Now the scratches may be 
traced from the islands and the coast-line up to an elevation 
of at least 8,500 feet; so that ice must have covered the 
country to that height at least. In the Highlands the tide of 
ice streamed out from the central elevations down all the 
main straths and glens ; and by measuring the height attained 
by the smoothed and rounded rocks, we are enabled to esti- 
mate roughly the probable thickness of the old ice-sheet. But 
it can be only a rough estimate, for so long a time has elapsed 
since the ice disappeared, and rain and frost together have so 
split up and worn down the rocks of these highland moun- 
tains, that much of the smoothing and polishing has vanished. 
But although the finer marks of the ice-chisel have thus fre- 
quently been obliterated, yet the broader effects remain con- 
spicuous enough. From an examination of these, we gather 
that the ice could not have been less, and was probably more, 
than 3,000 feet thick in its deeper parts. What wonder, 
then, that a mass of this bulk, gliding from the mountains 
down to the sea during a long course of ages, should have 
left such an impress of its grinding-power uj)on the rocks 
that the lapse of thousands of years has not succeeded in. 
removing it. For even when the fine smoothing and polish- 
ing have disappeared, the hills yet show in their rounded and 
flowing outlines that peculiar configuration which is so cha- 
racteristic of ground over which a glacier has passed. 

It is well known that the glaciers of Switzerland are mere 
pigmies compared to what they have been formerly. The 
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slopes of tlie Alpine Talleys are all smootlied^ scratclied, and 
scored up to a considerable lieiglit above tbe present surface 
of the glaciers ; and these smoothed rocks are often separated 
from the rough, broken, and craggy rocks above by a well- 
marked line, indicating the height reached by the glaciers in 
days gone by. But in Scotland such a distinct line of division 
rarely marks out the upper limits of the glaciation. Frost and 
rain have made havoc of the ice-work at the higher elevations 
of the country, and roughened the exposed rocks into crags 
and peaks. . 

In the Southern Uplands the ice moved, as in the High- 
lands, from the central high grounds down all the main val- 
leys; its track being well marked out by an abundant series 
of finely preserved strise.* From the mountains of Galloway 
and the uplands of the south-east yast glaciers descended in 
every direction. The valleys of the Annan, the Nith, and 
the Dee were filled to overflowing with great confluent glaciers 
that poured their united volume into the Solway Frith and 
the Irish Sea. In like manner a vast stream of ice that 
flowed north-east and then south-east buried the wide vale 
of the Tweed between the Cheviots and the Lammer- 
muirs. 

When the ice-markings are followed into the Lowlands of 
the central valley, we find that in the vale of the Forth their 
general tendency is towards the east ; while in the lower 
reaches of the Clyde valley their trend is east, south-east, 
south, and south-west. The meaning of this apparent confu- 
sion is perceived when we trace out the track of the glaciers 
that issued from the Highlands, and follow the spoor of those 
that crept down from the Southern Uplands. It then becomes 
apparent that a great current of ice from the high grounds 
of Lanarkshire set down the valley of the Clyde, and was met 
near Lesmahagow by a vast glacier coming in the opposite 
direction. Hence the two opposing sti'eams were deflected 
to east and south-west ; on the one hand sweeping across 
the Lothians into the Frith of Forth and the German 
Ocean, on the other overflowing the uplands of Renfrew- 
shire, and passing south-west into Ayrshire, so as to unite 

♦ See tlie general map showing the direction of glaciation, and l^ote E, 
Appendix. 
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■witli tlie glacier masses descending from the Galloway moun- 
tains. 

Underneath these great streams of ice the whole surface 
of the country would be subjected to excessive erosion. 
Hill-slopes would be ground and polished, valleys deepened 
and smoothed; here the rocks would be finely dressed and 
striated, there crushed and broken. And what woxxld he the 
character of the d^ris that resulted from all this grinding 
and graving work ? In the glaciers of the Alps we have every 
reason to believe that a considerable proportion of stones used 
as chisels and stylets by the ice are introduced from above : they 
tumble from the crags upon the surface of the ice, and drop into 
those deep crevasses which must sometimes cut a glacier to 
its bottom. But when ice buried Scotland to a depth of 
several thousand feet, only a few hill tops would rise above the 
general level of the iner de glace. Consequently little ddbris 
would be showered upon the ice ; and, even supposing con- 
siderable heaps of blocks and rocky rubbish did accumulate 
here and there at the base of some isolated hill, it is never- 
theless very unlikely that any portion would ever work its way 
to the bottom of the thick ice-sheet. The gravers employed 
by the ice in dressing the Scottish hills and valleys could not 
have been derived from above ; they must have been obtained 
from the rocks lying beloAV. 

It is quite certain, however, that the ice when it first over- 
flowed the land would find a plentiful supply of loose stones 
lying upon the ground ready for use. For long ages before 
the country became locked in ice the climate must have been 
getting colder and colder. The result of this intense frost 
would be to split up the rocks everywhere ; nor would this 
be a difficult matter. We must remember that the present 
deep subsoils that bury the sohd rocks to such a dej)th had 
no existence before the advent of the ice-sheet. Tire rocks then 
would not be covered with a deeper soil than is the case in 
countries where no drift deposits exist. I have already re- 
ferred to the heaps of broken rock that cumber the exposed 
ground in northern and mountainous regions, where whole 
hills are well-nigh buried in their own ruins. In all arctic and 
alpine countries, and, indeed, wherever a rock is exposed to 
the action of frost, it is sure to split up sooner or later. The 
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moraines of the Alps, the enormous “ screes ” of the Hima- 
laya and the Rocky Mountains, and the prodigious piles of 
d«ibris that collect upon the ice-foot of the Arctic regions, are 
sufficient evidence of what frost can do. 

It is certain, therefore, that when the, ice began to creep 
over Scotland, it would have to make its way through piles 
of broken fragments and over shattered rock-surfaces. Ice- 
chisels would thus be prepared for it beforehand, which 
would aid in the work of dislodging others from the rocks. 
As the crushing and grinding continued, few stones would 
escajae being smoothed and striated, while the fine mud 
resulting from aH this work would get mixed up with the 
stones, and form a stony clay. It is true that water would 
cu'culate below the ice to some extent, as we know it does 
underneath the glaciers of Greenland, and no doubt much 
glacial mud would be carried away by this means ; neverthe- 
less, all that could possibly escape would bear but a very 
Rma h proportion to what remained behind. Thus both mud 
and stones would tend to collect under the ice ; and as that 
great mass moved onwards, pressing with prodigious weight, 
the mud and stones would be squeezed and dragged forward 
so as to become a confused and pell-mell mixture of clay and 
stones, with here and there traces of water-action in the form 
of irregular patches and interrupted bands of stones, gravel, 
earthy sand and clay — in short, till, or boulder-clay. Such, 
.then, would appear to be the origin of that remarkable 
deposit ; it is the ground-moraine, or moraiw profonde, of 
the old ice-sheet. 

We must not suppose, however, that till gathered equally 
underneath every portion of the confluent glaciers. On the 
contrary, wherever the inclination of the ground was such as 
to cause the ice to quicken its flow — in many mountain-valleys 
and on steep hill-slopes, for example — -clay and stones would 
not readily collect ; but in places where the motion wms slow, as 
in broad lowdand districts, there the till would have a tendency 
to accumulate. In short, the distribution of the till would be 
regulated by the varying pressure and erosive action of the ice 
above. Some have objected that the moment a layer of till Avas 
formed between the ice and the subjacent rock, all wear and 
tear of the latter would cease, and therefore that the forma- 


ORIGIN OF TILL AND ROCF-S TRIM. 


6g 


tion of till itself would suddenly come to an end. It wonld 
just be as reasonable, howeyer, to infer that all wearing away 
of a riyer cliannel must stop tbe moment that tbe cliannel 
becomes filled witli grayel and sand. But who does not 
know tliat tlie materials in tlie bed of a stream are continu- 
ally trayelling onward, no matter liow slowly? It is quite 
true that so long as a bank of sand and gravel sball lie in 
one place, tbe rock on wbicb it rests will escape the rasp of 
the river. But the river that piles up such banks will by- 
and-by sweep them away again, and employ the sand and 
gravel as agents for wearing down, scouring, and filing the 
rocks which they formerly protected. And so, no doubt, it 
must have been with the ice-sheet and its debris. Over 
many portions of its bed there would be a continual travelling 
onwards of clay, sand, and stones ; while in other areas masses 
of de'bris -which had collected here and there -would be ever 
and anon ploughed up again, and pushed and dragged for- 
■y^ard from one position to another. In this way the under- 
lying rocks -would be alternately protected and exposed. The 
clay itself affords distinct evidence of having been thus rolled 
forward underneath the ice ; for the stones, although con- 
fusedly scattered through the deposit, yet often show a 
curious involved or “ curled’’ arrangement, as if the clay had 
been rolled upon itself while in a plastic state. This appearance 
is of course most distinctly visible when patches of water-'worn 
gravel and sand are present (see ante^ p. 18); but there are few 
good exposures of till where the stony clay itself, if carefully " 
examined, will not yield some trace of the same peculiar 
arrangement. Indeed, it is likely that the stones and boul- 
ders received most of their fine polishing while embedded in 
the clay, as that deposit was being squeezed slowly forward and 
rolled over again and again upon itself — -a process which would 
also result in polishing and smoothing the rocky surface over 
wdiich the till -was dragged. The fact that the larger boul- 
ders have not infrequently a tendency to collect at or near 
the bottom of the till is also explicable, for it is evident that 
as the ground-moraine -was being kneaded and rolled forwai’d, 
the superior gravity and the wider surface of such blocks 
would be rather against their rising upwaixls in the moving 
mass of clay and smaller stones ; in many cases it would be 
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easier simply to push them along. And hence it is that very 
large blocks in the till often show striae on only one side. 
Other proofs of the subglacial formation and accumulation of 
till fall to be given further on ; it will be shown that some- 
times this deposit has actually been so squeezed and pressed 
that tongues of it have been forcibly intruded into the beds 
across which it moved. 


CHAPTER VII. 


OBIGIN OF THE TILL, AND BOCK-STEIATIOKS AND GKOOYINGS 
OF SCOTLAND — Continued. 

Direction of ice-flow indicated by stones in tbe till. — Cross-batcbing of rock- 
strise accounted for. — Intermingling in the till of stones derived from 
separate districts. — ‘‘Debatable land” between rival ice-flows. — ^Local 
colouring of till an indication of direction followed by ice-flow. — The Ochils, 
Pentlands and other hills, completely overflowed by ice. —Deflections of the 
ice-flow. — Till in upland valleys, why terraced. — Origin of lowland “drums.” 
— Crag and tail, &c. — Islets lying off the coast glaciated from the mainland. 
— Ice fiUed up all the shallow seas round Scotland. — General ice-sheet like 
that of Antarctic continent. 

T he course followed by tbe ice-sbeet in its downward 
progress from tbe bigb grounds to tbe coast is indicated, 
as described in last chapter, by tbe directions of scratches 
and furrows and flutings, and by that peculiar rounded out- 



Fig. 18. — Boche Moutonnee. 


line which tbe grinding of tbe heavy mass has imparted to 
tbe mountain-slopes and bill-tops.'"** But even when these 
markings do not appear, either on account of tbe obliterating 
effect of weathering, or else because they lie concealed below 
a superficial covering of drift, yet the till itself often furnishes 

* Bocks which are so rounded are known as rockes mmitonmes — a name pro- 
bably suggested by a fanciful resemblance to the rounded shape of a sheep’s back. 
That part of a glaciated rock which faces the direction from which the ice ^ came 
is termed the stomite (literally, bumpmg^place ) ; the opposite, or lee-side, is the 
leeseite. When a rock projects prominently above the general level of a gla- 
ciated district it is generally glaciated only, or, at least, most conspicuously, on 
the stosseite. 





TEE GREAT ICE AGE. 


eyidence as to the direction of ice-flow. If, for example, we 
Imow from what part of the country the scratched stones in 
the till have been derived, it is obvious that we ascertain at 
the same time the course followed by the ice that brought 
them. Hence we are enabled to track out the trail of the 
mer cle glace over aU the country. And it is -worthy of note 
that the evidence suj)plied by the stones always corroborates 
that afforded by the roches moutonnees and striated rocks. 
If these last owe their origin to a current of ice that came 
from the north, then the stones also will be found to have 
travelled in the same direction. And, curiously enough, in 
those districts where the rocks exhibit a cross-hatching ’’ of 
stri^, or where the striations on two contiguous rocks do not 
agree in direction, there also the till shows an intermingling 
of stones derived from sej)arate districts. Now what does 
this prove ? Clearly this : that the ice-currents were occasion- 
ally deflected and forced to go another way. The great stream 
that crept across the central valley of Scotland was certainly 
at times turned out of its normal course — now towards the 
south by the pressure of that poweifful current of ice that 
poured down from the Highlands, and again towards the north 
when the ice-stream coming from the Southern Uplands over- 
powered and forced back the other ; in short, there was a 

debatable ground ” between the northern and southern cur- 
rents, over which sometimes the one and sometimes the other 
prevailed.’'^'" The right of possession to the tract of country 
that lies between Cambuslang and Lesmahagow seems fre- 
quently to have been disputed by the rival ice-streams — the 
rocks of that area being sometimes striated by ice that moved 
from the north, and sometimes, again, by the confluent masses 
that flowed from the Southern Uplands. We find also an 
intermingling of stones — ^fragments of mica-schist and gneiss 
from the highland mountains occurring no^w and again as far 
south as Lesmahagow, while stones, apparently derived from 
the high grounds to the south of that place, appear here and 
there in the till as far north as Stonehouse. A similar inter- 
mingling of stones from the north and south is seen in the 
till of the valley of the Esk, near the Moorfoot Hills, in 

^ Jleference Trill be made in a succeeding chapter to certain instances of 
cross-hatcliing wMch are to be explained in a different way. (See chap, xvii.) 
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Edinburglisliire. But beyond this debatable land’’ striated 
rocks and scratclied stones alike point to a persistent ice-flow 
in determinate directions. In tbe near neigbboiirliood of tbe 
Highlands all tlie stones, without exception, tell of a move 
outwards from the mountains, and it is the same with rock- 
striations. The till in the valleys of the Southern Uplands 
has in like manner invariably been derived from the conti- 
guous high grounds. Following the till from: the base of the 
Grampians, where it is crammed with fragments of mica- 
schist, granite, gneiss, quartzite, &c., down into the basin of 
the Forth, we find the number of these highland stones 
gradually decreasing, until by-and-by they disappear alto- 
gether, or are only met with at rare intervals. And the same 
is the case with the till that stretches northwards from the 
Southern Uplands. At first the fragments brought from these 
uplands are in the majority, but they gradually fall off north- 
wards, until finally we cease to meet with them. It is curious 
also to notice how the stones lose in size as the parent rock 
is left further and further behind — the longer the distance 
travelled, the greater having been the degree of crushing and 
grinding undergone. The local colouring assumed by the 
till is another strong proof of transportation by land-ice. As 
described in a j)revioiis chapter, this deposit varies both in 
colour and texture, according to the nature of the rocks near 
which it lies. Thus it becomes red, and shows a sandy tex- 
ture in districts where red sandstone is the prevailing rock ; 
but in a region where coal and black shales abound, there we 
encounter a hard, tough, tenacious deposit, having a dark 
greyish-blue colour. The reason of this difference is obvious. 
The clay is derived from the grinding and crushing of the 
underlying rocks, and consequently changes its character as 
the rocks change theirs. But just as the included stones not 
infrequently have been dragged, for along distance from their 
parent rocks, so in like manner has the clay formed in one 
place travelled onward to another. Hence it often happens 
that the till of a given district — a red sandstone region, for 
example — will be found to have invaded and covered adjoin- 
ing ground where the rocks are neither red nor composed of 
sandstone. 

If space permitted, some special proof might be offered in 
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support of a statement already made, namely ; that the ice 
OYerfiowed the hill-ranges and isolated hills of central Scot- 
land. The Ochils, for example, that separate the basin of the 
Forth from Strathearn are ground off and smoothed in such a 
way as to indicate that the mass of ice must first have 
crossed the valley of the Earn from the Grampian mountains, 
and thereafter orerflowed the Ochils and passed on south- 
eastwards across the Lomonds and the Cleish hills into the 
Talley of the Forth. The evidence afforded by the till that 
covers the southern slopes of the Ochils points precisely to 
the same conclusion, for that deposit is abundantly charged 
with fragments of gneiss, granite, and other rocks that could 
only have come from the Highlands. Mr. B. N. Peach found 
a considerable area of till at a height of 2,200 ft. on the 
shoulder of Ben Cleugh, and numerous scratched stones 
occurred on the very top of the hill (2,300 ft.). Similar 
proof of the passage of land-ice over considerable eminences 
in the lowland districts might easily be given. For instance, 
on the very top of Allermuir Hill, one of the highest points 
in the Pentlands, Dr. Croll got a patch of till containing, 
amongst other local stones, certain fragments which have 
been brought from the north or north-west, thus clearl}’- 
showing that these hills also were overtopped by the mev de 
glace. Again, both rock-scratches and till indicate that the 
high grounds between Paisley and Kilmarnock have been 
surmounted by land-ice. According to my brother, Professor 
Geikie, relies of the till are found near the top of Tinto Hill 
(in Lanarkshire), which rises to a height of upwards of 
2,800 ft. above the sea. I have seen till and striated stones 
lying in the hollows between the tops of the Cheviot Hills at 
a height of 1,500 ft. 

That the ice should have overflowed the land up to such 
heights will not surprise one ; for, by a stream of ice some 
3,000 ft. or so in thickness, hills like the Ochils, the Pent- 
lands, and Tinto would be as easily surmounted as stones and 
boulders are overflowed in the bed of a river. And yet, 
just as these boulders will deflect that portion of the liver s 
current that strikes upon them, so the heights to which I 
refer appear to have partially turned aside the stream of ice 
that beat against them. This is shown by the manner in 
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wHcIl tile flutings and grooTings bend round tbe sides of a 
bill before they finally cross it and resume their normal 
direction. 

The flutings and groovings in the valleys of the Southern 
Uplands show distinctly that the ice to which they owe their 
origin not only filled the valleys, but swept across the inter- 
vening hills. The markings referred to run in nearly a hori- 
zontal direction along the steep slopes of the hills, so that 
they appear to rise as the valley descends ; and thus, while 
we follow the stream, they gradually mount higher and 
higher until the crest of the hill is reached over which they 
eventually disappear. The beautiful valley of the Yarrow, 
below Gordon Arms Inn, aftbrds a fine example of the pheno- 
mena in question. 

Eeference has aheady been made to the unequal distribu- 
tion of the till. It lies thickest in the valleys, and thins 
away towards the hills, being found for the most part in 
patches when we get above a height of 1,000 ft. In the 
hilly districts of the south of Scotland it occurs chiefly in the 
bottoms of the valleys, but it may sometimes be met with 
nestling in hollows even up to a height of 1,800 or 1,900 ft. 
The whole appearance of the deposit, however, shows that it 
never did attain any thickness at these heights, the force of 
the ice-stream on steep slopes and exposed places having 
prevented its accumulation, just as a river will not allow 
sediment to accumulate upon the tops and exposed sides of the 
large boulders in its bed. But in the lower reaches of the up- 
land valleys, notably in Peeblesshire, the till often attains 
some depth. It gradually lessens, hoTvever, as we trace it 
towards the heads of the valleys, -where it eventually dis- 
appears. The general aspect presented by the deposit in 
these valleys is that of a flat-topped terrace inclining gently 
from the hill-sides and sloping gradually down in the direc- 
tion followed by the stream, at about the same angle as the 
bottom of the valley itself. I believe that this terrace-like 
appearance of the till was j most probably assumed underneath 
the ice-sheet. In narrow and deep hollows, like the upland 
valleys, the ice was not liable to such deflections as took 
place over the ‘^debatable grounds;'* and the till forming 
below it consequently escaped being squeezed to and fro ; the 
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valleys were filled vntli streams of ice flowing constantly in 
one and tlie same direction, and the probabilities are there- 
fore strong that the d^ris which accumulated below would 
be spread out smoothly. In the Lowlands the effect pro- 
duced by the varying direction and unequal pressure of the 
ice-sheet is visible in the peculiar outline assumed by the till. 
Sometimes it forms a confused aggi'egate of softly-swelling 
mounds and hummocks ; in other places it gives rise to a 
series of long smoothly-rounded banks or ''drums'^ and '^sow- 
backs,'’ which run parallel to the direction taken by the ice. 
This peculiar configuration of the till, although doubtless 
modified to some extent by rain and streams, yet was no 
doubt assumed under the ice-sheet — the " sowbacks” being 
the glacial counterparts of those broad banks of silt and sand 
that form here and there upon the beds of rivers. Perhaps 
the most admirable example in Scotland of this peculiar 
arrangement or configuration of the till occurs in the valley 
of the Tweed, between the Cheviot Hills and the Lammer- 
muirs. In this wide district all the ridges of till run parallel 
to each other, and in a direction apj)roximately east and west. 
This, too, is the prevailing trend of the rock-striations and 
Toclies moutonnees in the same neighbourhood. 

The j)henomena of " crag and tail ” afford yet another 
indication of the path followed by the ice. A familiar illus- 
tration of the mode in which "crag and tail” have been 
formed may be obtained by placing a large stone in the 
current of a stream, and watching the effect produced upon 
the carriage of sediment by the water. The current sweeps 
against the stone, and is deflected to right and left — there 
being of course considerable commotion in front and quiet 
Abater behind. The current thus stemmed is forced down- 
•wards with a stronger pressure upon the bed of the stream 
by the water continually advancing from behind, and the 
result is that a hollow is gradually scooped out in front of 
the stone, and for some way along its sides. In the rear, 
where there is comparatively little stir in the w^ater, silt and 
sand speedily accumulate, until a long sloping " tail” is 
formed, stretching away from the stone for as great a distance 
as the quiet water extends. If for a stone we substitute a 
Mg crag, standing tip in a broad valley, and for the little 
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stream of our illustration a deep current of land-ice, we shall 
have no difSculty in explaining the origin of ‘"crag and tail/' 
In the valley of the Forth, where isolated hills and bosses of 
rock are not uncommon, the tiU is invariably heaped up on 
the east side of the crags, showing that the set of the ice- 
stream was from west to east ; the direction in which the 
till has travelled, and the course followed by the rock-stria- 
tions, both lead us to the same conclusion. 

Thus on every hand we are fmmished with abundant proof 
of the former existence of a great mer de> glace in Scotland. 
From the tops of some of the higher mountains down to the 
edge of the sea, no part of the country has escaped abrasion. 
The hills are worn and rounded o§‘, and the valleys are 
cumbered with the wreck and ruin of the rocks. Nay, most 
of the islands which lie off the coasts plainly indicate by 
striations and other glacial markings that ice has swept over 
them also. They are smoothed not from the centre to the 
circumference, as would have been the ease had they sup- 
ported separate glaciers of their own, but the striations go 
right across them from side to side. It cannot be doubted 
therefore that the ice, to the grinding action of which these 
striations are due, actually crossed from the mainland over 
what now forms the bed of the sea. Perhaps the most striking 
example of this is furnished by Lewis, the northern portion 
of the Long Island, which I found to be glaciated across its 
whole breadth from south-east to north-west. The land-ice 
that swept over this tract must have come from the moun- 
tains of Eoss-shire — a distance of not less than thirty miles. 
Leaving the mainland, it must have filled up the whole of 
the North Minch (sixty fathoms in depth), and overflowed 
Lewis to a height of 1,300 ft. at least; for I found that 
Suainabhal, a conspicuous mountain rising to the south of 
Loch Eoag, near the w^est coast of the island, •was merely a 
huge roc/ie moutonnie strongly glaciated from base to summit 
by ice which had passed over it from the south-east. The 
view from the top of this mountain is wonderfully impres- 
sive ; indeed there is no district in Scotland where the 
intensity of the old glaciation is better exhibited. The w’-hole 
country to north and east, far as eye can reach, shows the 
most evident marks of having been swept and ground by a 
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great glacier. One sees everywliere a montonn^ed surface. 
Eoiind-baeked rocks, kummocks, and kills bare of drift and 
soil, witk countless pools and lakelets nestling in tkeir kollows, 
impart to tke region a ckaracter of great desolation, and 
strongly remind one of similar scenes in tke nortk of Norway. 

In like manner tke Island of Bute kas been scored and 
smoothed from end to end by a mass of ice wkick, streaming 
out from tke highlands of Argyleskire, filled up tke Kyles, 
and then passed southwards over the whole island to occupy 
tke bed of tke Frith of Clyde between Bute and Arran, 
Many of tke islets scattered along the western coasts tell the 
same tale. Again, it may, be mentioned as a very striking 
fact that tke lofty cliffs along the south-west coast of Ayr- 
shire are striated along tkeir tops in a direction parallel to 
the trend of tke coast — ^tkat is, from north-east to south- 
west. An examination of tke general map will show how 
these striations have been produced by a mass of ice that 
filled up the bed of the adjacent sea, and streamed south- 
west towards the northern coast of Ireland. From these and 
similar facts geologists have been inclined to infer that at 
the time the mev de glace covered Scotland the whole of our 
country stood at a higher level relative to the sea than now ; 
in other words, that a large part of what in these days forms 
the floor of the sea was at that time in the condition of dry 
land. This being so, the ice from the central parts of the 
country would creep outwards and overflow what are now 
islands, in the same way as it surmounted the Ochils, the 
Pentlands, and other hill-ranges of central Scotland. Now 
such may quite well have been the case, and there are 
indeed good grounds for believing, as we shall afterwards 
see, that, in times anterior to the advent of the Ice Age, 
Scotland did really stand at a higher level above the sea than 

^ Mr. J, F. Campbell notes the direction of the glacial stxise in Harris and 
some of the smaller islands of the Outer Hebrides, and is of opinion that these 
were the work of sea-ice coming in from the Atlantic when the land was more 
submerged than it is. Dr. Bryce also states that the glaciation of Lewis, 
Harris, and Horth Hist has, in his opinion, been effected by ice coming from a 
land to the westward, since submerged. During two visits to Lewis, when I 
traversed the island in all directions, I not only found no trace of an ice-flow 
from the west, but was satisfied from the direction of the strim, the position of 
the roehes mot^omiksy and the transport of boulders in the drift (which have 
certainly travelled from S.E. to N.W.), that the ice flowed across the island 
from the mainland. (See further, chap, xvi.) 
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now. There is no proof, howeyer, that the greater eleyation 
of the land in preglacial times (amounting, as far as we can 
show, to some 300 ft only, although it may have been as 
much as 600 ft.), had anything whateyer to do in bringing 
about a glacial period. All we know is that before the Ice 
Age began the Scottish shores extended considerably farther 
out to sea ; but the sea may haye gamedupon the land again, 
and may eyen haye reached to a greater height than it does 
now, when the great glaciers commenced to creep out from 
the mountain-yalleys upon the low grounds. The presence 
of a considerably deeper sea than that which now flows round 
Britain could not have availed to stay the onward progress 
of the thick land-ice ; so far as that goes, therefore, it is not 
necessary to infer, as some have done, that in early glacial 
times our land stood at a much higher level, and that the 
sea-bottom between Scotland and the outlying islands then 
existed as dry land. If the old glaciers entered the sea at a 
time when the relative level of land and sea was much the 
same as it is at present they could not have had any diffi- 
culty in making their way from the mainland to the islands. 
A mass of ice, upwards of 2,000 ft., and in parts attaining 
3,000 ft. in thiclmess, would fill up every fiord-valley, and 
dispossess the sea in all the sounds, straits, and channels that 
separate the islands from themselves and the mainland. A 
glance at the Admiralty charts will show how this could be. 
From them it will be learned, that, between the mainland 
and the islands, the sea seldom attains a greater depth than 
70 fathoms or 420 ft., and even this depth is quite excep- 
tional. The German Ocean between England and the coasts 
of France and the Netherlands, does not average more than 
some 150 or 160 ft. in depth : and the soundings show that 
the water deepens very gradually northwards. To reach the 
lOO-fathom line, we approach quite close to the coast of 
Norway, and the same line lies considerably north of the 
Shetland Islands, from which it sweeps west by south, keep- 
ing outside of the Hebrides and Ireland. In no part of our 
seas, then, could the water have been of sufficient depth to 
float those prodigious masses of ice which we can prove were 
generated in Scotland during the glacial epoch. Before ice 
will float, it requires water deep enough to accommodate 
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some seyen or eiglit parts of its bulk below tlie surface of 
tlie sea ; and therefore the great mer de glace, being unable 
to float in 600 ft. of water, must liave pushed back the 
shallow seas that flow around our coasts, so as eyen to 
coalesce with the ice-sheet that crept out at the same time 
from Norway."^ Indeed, it seems most reasonable to infer 
that had it not been for the presence of the Scandinavian 
ice-sheet in the North Sea, the Scotch ice never could have ' 
attained the great thickness which we know it did. Had no 
obstacle to its outflow existed the ice must have crept 
away to sea long before it reached anything like a thickness 
of 2,000 or 3,000 ft. For we must remember that Scotland 
is a very little country after all, with watersheds which are 
quite incapable of nourishing such prodigious depths of 
glacier ice. And the very fact that the ice attained such a 
depth is a proof that the confluent glaciers of Scotland must 
have been dammed back,— a conclusion which we shall find 
in the sequel is supported by direct evidence. Bearing in 
mind the vast thickness reached by the Scotch ice-sheet, it 
becomes very evident that, the ice would flow along the botjtom 
of the sea with as much ease as it poured across the land, 'and 
every island would be surmounted and crushed and scpred 
and polished just as readily as the hills of the mainland l|ere. 
But the ice-sheet would not only enfold the Western Islands 
and join them* to the mainland, it would also extend still 
farther seawards, and terminate at last in precipitous or ver- 
tical cliffs, resembling that great wall of ice which Commodore 
Wilkes and Sir J. C. Ross encountered in the Antarctic Seas. 
How far westward the ice would extend into the Atlantic 
would, of course, depend entirely upon its thickness and the 
depth of the sea. If it retained at its outskirts only one- 
third of the great depth under which it buried central Scot- 
land, it must have gone out as far at least as the 100-fathom 
line — ^supposing the sea to have been as deep then as it is 
now. Sir. J. G. Ross’s striking account of the mighty ice- 
sheet under which the Antarctic continent lies buried, gives 
one a very good notion of the kind of appearance which the 
skirts of our own ice-sheet presented. After reaching the 
highest southern latitude which has yet been attained, all his 

*■ See further on this point, chap. xvi. 
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attempts to penetrate further were frustrated by a precipitous 
lYall of ice that rose out of the water to a height of 180 ft. 
in places, and effectually barred all progress towards the 
pole. For 450 miles he sailed in front of this cliff, and 
found it unbroken by a single inlet. WMle thus coasting 
along, his ships (the Erehm ^ndi Terror) were often in danger 
from stupendous icebergs and thick pack-ice, that frequently 
extended in masses too close and serried to be bored through. 
Only at one point did the ice-wall sink low enough to allow 
of its upper surface being seen from the masthead. Boss 
approached this point, which was only some fifty feet above 
the level of the sea, and obtained a good view. He describes 
the upper surface of the ice as a smooth plain shining like 
frosted silver, and stretching away far as eye could reach 
into the illimitable distance. The ice-cliff described by Ross 
is the terminal front of a gigantic mer de glace, which, 
nurtured on the circumj)olar continent, creeps outward over 
the floor of the sea until it reaches depths where the pressure 
of the water stops its farther advance by continually breaking 
off large segments and shreds from its terminal front, and 
floating these away as icebergs. And such must have been 
the aspect presented by the margin of the old ice-sheet, 
which, in the early stages of the glacial epoch, mantled 
Scotland and its numerous islets, filling up the intervening 
straits and channels of the sea, and terminating far out in 
the Atlantic Ocean in a flat-topped vertical cliff of blue 
ice.”'"^ 


^ For further details respectiug Scotch ice-sheet, see Appendix, Kote E. 
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CAUSE OF COSlvnCAL CHANGES OF CLIMATE. 

Evidences of former great cli an ges of climate during past ages* — -Tiieories 
accounting for tliese. — ^Translation of the solar system through space. — 
Change in the position of the earth’s axis of rotation. — Sliding of the earth’s 
crust round the nucleus. — Changes in the distribution of land and sea. — 
Elevation and depression of the land. — Sir Charles Ly ell’s speculations upon, 
the efi'ect of such changes. — Climatic effect of winds and ocean currents.— 
Efiect of accumulation of land within the tropics and of same round the 
poles. — Peculiar distribution of land and sea inadequate to account for great 
CGsmical changes of climate. 

T he stony record every where assures us that from the 
earliest times of which geologists can take cognizance 
down to the present, our globe has experienced many changes 
of climate. The plants of which our coal-seams are composed 
speak to us of lands covered with luxuriant growths of tree- 
ferns and auracarians, and the fossils in our limestones tell 
us of warm seas where corals luxuriated in the genial waters. 
Nor is it only in our own latitudes that scenes like these are 
conjured up by a study of the rocks. Even in high arctic 
regions, where the lands are well-nigh entirely concealed 
beneath the snow, and where the seas are often choked with 
ice all the year round, we often meet with remarkable proofs 
of genial and even warm climates having formerly prevailed 
at several widely-separated periods. Limestones containing 
fossil corals, and numerous remains of extinct chambered 
shells, such as are now re2:)resented by the nautilus of the 
Pacific Ocean, occur frequently in the highest latitudes yet 
reached by man. Dr. Hayes brought from the bleak shores 
of Grinell Land certain fossils, the nature of which clearly 
indicates that at some distant date a genial ocean, capable of 
nourishing corals and chambered shells, must have overspread 
that region. Similar results have been obtained by many of 
our most distinguished arctic voyagers, and from their obser- 
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vatioBS it is now well ascertained tliat over all tbe regions 
wittin tlie Arctic Circle wliicli have yet been visited, genial 
climates have prevailed at diifferent times during past geologic 
ages — climates that not only nourished corals and southern 
molluscs in the seas, but clothed the lands with a rich and 
luxuriant greenery. 

A close and careful scrutiny of the rock formations of our 
own country shows us, moreover, that, in the distant past, 
those -warni and genial conditions that extended from our 
own latitudes up to polar regions, ever and anon disappeared, 
and were replaced by cold and even arctic climates. Coral 
seas and swampy jungles pass away, and are succeeded in 
time by snow-covered mountains, by glaciers creeping down 
the valleys, and icebergs sailing drearily away from frost- 
bound coasts. Again a sunny picture rises up before us, to 
he replaced, as the ages roll on, by yet other scenes of arctic 
sterility. It was long, however, before geologists began to 
recognise the evidence for this remarkable succession, or as 
■we may call it, rotation of climates. The old belief used to 
be, that the climate of the globe, owing in great measure to 
the escape of the earth’s internal heat into space, had gradu- 
ally and regularly cooled down : so that the older formations 
were thought to represent ultra-tropical conditions, w'hile the 
later deposits contained the records of less tropical and tem- 
perate climates. The astronomer and cosmogonist assure us 
that there was a time w-hen this earth existed as a mass of 
gaseous matter, and that this matter, by parting with some 
portion of its heat, passed ere long into a fluid condition. 
After some time a hard crust formed over the surface of the 
molten liquid, and when long ages had passed away, and the 
outer shell or skin had sufficiently cooled down to allow of 
all the varied phenomena of evaporation and rain and rivers, 
then by-and-by life appeared, and those wonderful organic 
forces began to act, which, under the guidance of infinite 
intelligence, have culminated in the heautiful creation of 
wdiich we form a part. And the geologist, taking up this 
strange history where the astronomer and cosmogonist left 
off, fancied that he could trace in the stony record the con- 
tinuation of the same great world-change. In the earlier 
pages of the record he found evidence for the former existence 
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in the British area of tropical conditions that seemed gradii- 
ally to fade away as he continued his researches into the 
later chapters of geological history. So that he found, or 
iancied he found, a slow transition from an age of tropical 
forests and warm oceans to the temperate climate which we 
at present enjoy. But the rapid accumulation of facts proved 
iatal to this as to many other theories. It is no longer ques- 
tioned that the climates of the past were due to the very 
same causes by which the climates of the present are brought 
about. The earth, no doubt, still radiates heat into space, 
but in considering the history of the past, so far back as it is 
revealed by geology, this cooling of the earth may safely be 
disregarded. The climates of the wnrld in our times vary 
according to the proportion of heat received either directly 
or indirectly from the sun, and so it must have been during 
all the ages of which any I'ecords have come dowm to us. At 
the very earliest time of which the geologist can speak with 
confidence, the climates of the world were probably as well- 
marked as they are now. We must look elsewhere than to 
the secular cooling of our globe for the causes wdrich have at 
sevei’al periods induced a mild and even genial temperature 
within the Arctic Circle — periods during 'which the whole 
northern hemisphere enjoyed a kind of perpetual summer. 
For 'we know now that such genial conditions had been pre- 
ceded and were eventually succeeded by climates of more than 
arctic rigour, when our hemisphere, which had luxuriated in 
one long-continued summer, became the scene of great snow- 
iields and glaciers and floating ice. This alternation of genial 
climates with arctic conditions, obviously cannot be accounted 
for by the cooling of the earth, due to the radiation of its 
central heat into space. If we find the remains of full-grown 
trees in Greenland, and ammonites and corals even farther 
north, we may be quite sure, that, owdng to some cause, 
apparent or obscure, these regions must at one time have 
received from some external source a greater proportion of 
lieat, either directly or indirectly, than they do now. And 
m, conversely, if in our owm land we discover traces of great 
ciiow-fields and massive glaciers, w-e cannot hesitate to con- 
eliide, that in the ages when such frigid conditions prevailed, 
this area was deprived of much of the heat which now reaches 
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it. But if tills be so, we may well ask wbat tbe natui'e of 
tbat action is wMcb can alternately visit our liemispliere with 
long-continued ages of fruitful summer, or render it bleak 
and barren with perpetual snow and ice. 

There have been many attempts to account for the j)heno- 
mena. Some have speculated upon the possibility of the 
whole solar system travelling onwards through the boundless 
realms of space, and passing in its course through warmer 
and colder tracts than that in which it now moves. When 
the sun with its attendant orbs swept through those hypo- 
thetical warm regions, the whole climate of the world it was 
supposed 'would be affected, and tree-ferns and cycads would 
then flourish within the Arctic Circle, while the northern seas 
would be tenanted by large chambered shells and corals. But 
wdien, on the other hand, the colder abysses of space were 
traversed, a total change of climate would be experienced ; 
the luxuriant vegetation would fade away from the polar 
regions, and a bleak ice-cap -would cover the poles of the globe 
and spread outwards as the cold increased, until the snow and 
ice might reach down to latitudes like our own. 

Others, again, have imagined a change in the position of 
the earth’s axis of rotation, due to the elevation of extensive 
mountain tracts somewhere between the poles and the equator; 
This, they think, would be sufficient to shift the axis so as t(2 
confer upon regions which once w-ere circumpolar, the tempe- 
rature of lower latitudes."" But it has been demonstrated 
that the protuberance of the earth at the equator, so vastly 
exceeds that of any possible elevation of mountain masses 
between the equator and the poles, tha,t any slight change 
which may have resulted from such geological causes, could 
have had only an infinitesimal effect upon the general climate 
of the globe. 

' * This view has recently "been advocated by Mr. Evans, in his Anniversary 
Address as President of the Geological Society. But even if it were possible that 
the vast movements of elevation and depression, which he suggests as likelj’’ to 
bring about a change in the position of the earth’s axis of rotation, actually could 
have taken place, and within so recent a geological period, yet they would not 
account for some of the most important phenomena. For, as we shall see 
presently, the glacial epoch was interrupted by more than one warm interglacial 
period. It is not therefore only one change in the position of the poles, but 
several that we should require ; and all these stupendo^ changes, so improbable 
in themselves, must he supposed to have taken place at quite a recent date, and 
within a comparatively short space of time. 
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Mr. Evans lias mgenioiisly sougiit to account* for tlie- 
remains of large trees that are found in Greenland, and for 
tlie traces of glacial cold in this country, by considering 
•\vliether it might not be possible that the external crust or 
shell of the globe had actually slid round its fluid or semi-fluid 
nucleus, so as to bring the same areas of the external surface 
under very different conditions. Thus it was suggested that 
lands, which at one time basked under a tropical sun, might, 
in the slow course of ages, be shifted to some more northern 
region, while countries w^hich had for long years been sealed 
up in the ice of the Arctic Circle might eventually slide 
down to temperate latitudes. 

But the theory which has taken firmest hold of the geo- 
logical mind, is that 'which the late Sir Charles Lyell upheld 
so strenuously. This theory maintains that the climates of the 
past may be accounted for b}^ that continuous change in the dis- 
tribution of land and sea which has been going on all through 
the geologic ages. There is no fact more patent than that 
sea and land have frequentty changed places. What are the 
rocks, of which the continents are mainly composed, but the 
hardened sediments of mud and sand that gathered upon the 
floors of ancient oceans? And what are all our so-called 
formations '' but just so many fossil sea-bottoms, as it were, 
piled one on top of the other ? In the loneliness of the 
desert, in the streets of po2^l^lous cities, in deep valleys, and 
on the crests of lofty mountains — everywdaere we meet with 
traces of the sea. Along some coast-lines abundant evidence 
sho'ws that the land is sinking down, and the sea slowdy hut 
surely gaining ground. In other regions the reverse takes 
place— the shores extend and the sea retreats. Such changes 
are due to those mysterious subterranean forces that give 
birth to earthquakes and volcanoes, and every bed of rock 
testifies to their unceasing activity. And, therefore, when 
this theory asks us to believe that the distribution of sea and 
land must sometimes have been very different to wdiat it is at 
present, we are asked nothing which the facts do not fully 
justify us in admitting. 

Lyell conceived, that, if land were massed chiefly in the 
■ region of the equator and the tropics, the climate of the 

^ Froceedings of the Royal Sodetij, 1866. 
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globe would be siiclx tliat tree-ferns miglit grow luxuriantly 
on any islands that miglit happen to lie within the Arctic or 
Antarctic Circle. For the land, heated to excess under the 
equatorial sun, would give rise to warm currents of air, 
which, sweeping north and south, would carry with them the 
heat of the tropics, and thus temper greatly the climate of 
higher latitudes. And some such condition of things, he 
thought, may have obtained during, for instance, the Carboni- 
ferous period,'"’ when tree-ferns and their allies flourished 
within the Arctic Circle. On the other hand, were the land 
to be grouped chiefly round the poles, the reverse of all this, 
he believed, would come about ; for with no land under the 
equator to soak up the heat of the sun, and give it to the 
■winds to carry north and south to polar regions, the climates 
of the northern and southern hemispheres would be so greatly 
affected, that snow and ice would then gather upon the 
ground, and creep gradually outwards down to those low 
latitudes where we now meet with their traces. 

In these interesting speculations it will be observed that 
Lyell considered the atmosphere to be the chief medium by 
which the heat derived from the sun is carried from one lati- 
tude to another: one of the principal reasons given by him for 
the intenser cold of the Antarctic as compared with the 
Arctic regions, being the absence of land in the south tempe- 
rate zone, where its presence would \varm the atmosphere and 
so give rise to genial winds. It may be questioned, how’ever, 
whether such ‘would be the result. It seems more likely that 
the presence of land in the quarter referred to would only 
serve to increase the cold by affording another gathering- 
ground for snoiv and glaciers. Even if ive supposed the land 
to remain uncovered with snow, and to succeed in warming 
the atmosphere, it is difficult to see how this could have any 
effect in ameliorating the climate of the higher latitudes 
about the pole. The heated air would certainly rise and 
flow towards the pole, while a cold under-current would 
set from the pole to restore the equilibrium- Long before 
the north wind, however, arrived at its destination, it 
would have radiated all its heat into the colder regions of 
space, and so would eventually reach the surface of the 
* For table of Geological Formations see Appendix, Hote A. 
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earth in its progress towards the pole as a cold, and not a 
warm wind. 

On the same principle it does not appear likely that the 
massing of the land in the tropics, and under the equator, 
would haye the effect which is supposed. The air, heated to 
excess over the equatorial and tropical regions, would, of 
course, rise and flow towards the poles, but its warmth would 
be filched from it, and dissipated into space before it could 
again return to the level of the sea. Thus, even supposing 
most of the land to be distributed between the tropics, it is 
evident that, as far as aerial currents themselves are concerned, 
the temperature of the seas about the poles might never rise 
above the freezing point, while any islands that might chance 
to lie within the Arctic and Antarctic Circles would be sealed 
up in persistent snow and ice. 

The south-west winds, to which in the present economy of 
things we are indebted for the temperate character of our 
climate, do not derive their heat directly from the equator. 
The equatorial heat which they carry upwards is taken from 
them in their lofty flight towards the north, and thus they 
reach the level of the sea as cold, dry winds. But, blowing 
for many leagues in the Atlantic athwart the heated waters 
of the Gulf-stream, they gradually become warmed again and 
laden with moisture, and this waimth and moisture they yield 
up when they reach our coasts. Were there no broad cur- 
rents of warm water setting towards the north, from which 
the cold dry winds on their descent to the sea-level might 
receive warmth and moisture, there is good reason to believe 
that the temperature of the northern hemisphere would be 
greatly depressed, and the cold of the arctic regions might 
then equal in intensity that of their antipodes. Were it not 
for the genial influence of the Gulf-stream, Scotland would 
experience a climate as severe at least as that of Labrador, 
while the greater part of Norway would be uninhabitable. 
As it is, however, the temperature of the winter at Hammer- 
fest, in the north of Norway, is only 9° below the freezing 
point, while in the same latitude in Greenland the winter 
temperature is 5^ below zero ; the difference in summer 
being 41^ in Greenland and 50® at Hammerfest. Again, the 
temperature in the month of January in Caithness (58® N. 
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lat.) is about 36^, or 4P above freezing point; but in tbe 
same latitude in Labrador the winter temperature falls to 4^ 
below zero ; and the winter temperature of Caithness is not 
attained on the American continent until we descend to 39^ 
N. lat. on the shores of Chesapeake Bay. Lisbon, which is in 
the same latitude as the last-named place, has a winter tem- 
perature of about 47^, or 15° above freezing point. 

These wide differences arise solely from the presence of 
the Gulf-stream. That great current of warm water, coming 
from the equatorial regions, washes all the western shores of 
Europe from the coast of Spain to the north of Norway. It 
laves the shores of Novaia Zemblia, and can even be traced nortli 
of Spitzbergen, where its waters are still appreciably warmer 
than those of the surrounding seas. The air in contact with 
this broad ocean-stream is everywhere warmed, and the winds 
licking up the heated water as they sweep across the Atlantic 
reach Europe laden with moisture, which is condensed and 
precipitated as soon as the winds are cooled by coming in 
contact with high tracts of land or with colder strata of air. 
For this reason our west coasts, which are the first to receive 
the winds, enjoy a more genial, but at the same time a more 
humid climate than the corresponding latitudes on the other 
side of the island. 

The differences of temperature resulting from the presence 
or absence of oceanic currents become still more striking 
when we compare the climates of inland tracts like central 
Siberia with the corresponding latitudes in western Europe. 
At Jakutsk, Siberia (62° N. lat.), the mean winter tempera- 
ture is 36°*6 below zero, and the thermometer has registered 
as low as 40° below zero. But Jakutsk lies only some 6° 
further north than Edinburgh, and is in nearly the same 
latitude as Bergen, where the temperature of January is not 
under 32°, or freezing point ; while the western shores of 
Novaia Zemblia, lying between latitudes 71° and 76° N., have 
a winter temperature of about 10° above zero. This last 
example is exceedingly striking. 

But perhaps the best way to get an adequate conception 
of the influence of a warm ocean current upon climate is to 
trace out a line of equal temperature. If every portion of 
the globe received all its heat directly from the sun, and 


90 


THE GREAT IQE AGE. 


were there no siicli disturbing influences as marine currents, 
winds, then a line tracecl through all those places which 
enjoyed the same degree of warmth would of course rim due 
west and east, and would correspond in direction with a 
parallel of latitude ; in short, a place would be warm or cold 
according as it approached or receded from the equator. 
But owing to a variety of causes (chief among w^hich is the 
influence exerted by marine currents and winds), this is not 
exactly the case. The lines are always undulating, and often 
rapidly so. Let us follow, for example, the isochimenal 
line"' of + from Asia into Europe, and -we shall find it 
crossing several parallels of latitude instead of conforming in 
direction to these. Taking it up a little to the east of the 
Caspian Sea, in lat. 45^ N., we follow it as it undulates 
northward to lat. 55^ N., not far from Smolensk. It then 
strikes due north until it reaches 60^ N. lat., a little east of 
Petersburg, after which it trends north-west and w^est, cross- 
ing the Gulf of Bothnia in 64° N. lat. Its direction is now 
south-west, to 61° N. lat. in the south of Norwaj^, and after 
this it siiddenty curves round and doubles U230n itself, 
running away to the north-east and keeping parallel to the 
Norwegian shores, but at some distance from the sea, for it 
intersects only a few of the longer fiords "with wdiich the 
coast-line of Norway is indented. After this it turns more 
to the east, still keeping parallel to the shore, crosses and 
recrosses 70° N. lat., turns to south-east, and finally termi- 
nates on the borders of Finland in lat. 68° All places to 
the north and north-east of this line have of course a colder 
winter temperature than places south and south-west, f In 
short, as "we proceed inland from the "VYestern shores of 
Europe, "we find the cold of winter becomes more and 
more intense the farther we penetrate into the interior, 
until central Siberia is reached, where we meet with a winter 

* Lines of equal "winter temperature are termed isochimensl lines (iffoc, equal ; 
XHijoJVi winter); of summer, i&olheral equal, eipoc, summer) ; while those 
indicating equal annual temperature are known as isotJiemial lines (to-oc, equal, 
6f/jjuoc, lieat}. See Plates XYIII. and XIX. 

f The wonderful manner in which this line is deflected to the north is due 
primarily to the influence of the Gulf-stream. Xor can we estimate .too highly 
that influence, which succeeds so far in overruling the effect of mere latitude, as 
to be able to confer the same temperature on places situated so far apart as the 
borders of the Caspian Sea, Petersburg, and the north of Norway. 
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truly arctic, outside of tlie Arctic Circle. Before tlie soiitli- 
west winds, wliicli temper oiir winter, can reacli this distant 
region, they are robbed of all their warmth, and only tend to 
increase the cold. 

Thus much, then, is certain, it is the currents of the sea 
that are the chief carriers of heat from the tropics towards 
the pole ; and such being the case, it seems quite reasonable to 
conclude that were the area oyer which the sea is heated and 
w^arm currents formed to be materially limited, as must cer-- 
tainly haye been the case had the great continental masses ever 
been congregated within the tropics, then the chief secondary 
source of heat supplied to the temperate and frigid zones 
would be diminished, and the climates of those areas would 
become colder than they are at present. 

While it is extremely unlikely, therefore, that a great 
accumulation of land within the tropics would have an}^ 
ameliorating influence whatever on the climate of the poles, 
it may be admitted that were the continents to be grouped 
immediately round the poles, an excessively cold climate 
might possibly result. This low temperature, however, 
would not be due to the chilling influence of cold winds 
blowing from the south. Were an excessively cold climate 
to be the consequence of such a distribution of land as that 
last referred to, the low temperature wnuld doubtless be 
caused by the exclusion of oceanic currents. It is quite 
possible that, among the many vast geologic changes wdiich 
have taken place, the land may at some time in the past have 
been so closely gathered round the poles as to exclude the 
sea to comparatively low latitudes. If such had ever been 
the ease, a vast breadth of land would then circle round the 
north pole, along the borders of which wet winds coming 
from the sea would deposit their moisture. But long before 
these winds could reach any great distance towards the 
interior of the supposed arctic continent, they ivould neces- 
sarily part with all their moisture, and arrive at the circum- 
polar regions as dry winds. In these I’egions, therefore, there 
could not be any accumulation of snow and ice. It is clear, 
then, that if we exclude the sea from our hypothetical arctic 
continent, we shall certainly lower the temperature of the 
polar climate; but we shall not on that account produce a 
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glacial period, for the exclusion of the sea means absence of 
damp winds, and consequently no deposition of snow and no 
accumulation of ice. 

But although it is possible, yet at the same time it is very 
improbable, that the land ever was so closely aggregated 
around the poles as to exclude the sea to comparatively low 
latitudes. All analogy would lead us to infer that even 
during the greatest extension of land in arctic and antarctic 
regions the ocean must have indented this land with broad 
straits, with fiords, inlets, bays, and seas. Supposing then 
that, with Sir Charles Lyell, w^e imagine all the continents, 
shaped as they are now, to be grouped around the poles, and 
a vast sea to extend over equatorial and tropical regions; 
what, let us ask, would be the result? Why surely this, 
that a much wider extent of sea being exposed to the blaze 
of the tropical sun, the temperature of the ocean in equa- 
torial regions would rise above what it is at present. This 
warm water, sweeping in broad currents, would enter the 
polar fiords and seas, and, everywhere heating the air, would 
cause warm moist wmds to blow athwart the land to a much 
greater extent than they do at present ; and these winds, 
thus distributing warmth and moisture, might render even 
the high latitudes of North Greenland habitable by civilised 
man. 

But on any supposition, it is impossible to conceive of 
such a distribution of land and sea as would cause an influx 
of warm water into the frigid zone of sufficient extent to 
raise the whole temperature of the arctic regions, so as to 
permit the growth of tree-ferns in the higher latitudes, and 
to nourish in the depths of the polar seas reef-building 
polyps and chambered shells of species resembling in general 
appearance those that are met with only in the genial waters 
of the sunny south. Were a greater body of w^arm water 
than the present Gulf-stream, owing to some revolution of 
the earth's surface — some readjustinent of the relative posi- 
tion of sea and land — to flow into the arctic regions, it would 
doubtless bring about some ameliorating effect upon the 
climate ; but, as I have said, we can hardly imagine that a 
mere redistribution of the land would induce currents of 
warm water to flow from the tropics towards the pole in 
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such immense volumes as to preclude the possibility of ice 
forming within the Arctic Circle. And we know that there 
have been times in the past when snow and ice either did 
not occur within the Arctic Circle, or at all events could 
have been present only in very small quantities. Not much 
certainly could have floated in the polar sea that nourished 
the delicate corals and molluscs whose fossfl remains have 
been disinterred from the rocks of the bleak shores of the 
Arctic Ocean. In our day, at all events, reef-building corals 
do not live in seas the temperature of which is under 66®. 
Nor is it in any degree likely that while the vegetation of 
the Coal-measures was flourishing in what is now the frigid 
zone, large glaciers could have descended from the higher 
grounds of those regions in broad, deep streams, so as to 
reach the sea as they do in our day. If glaciers did exist at 
all, they must have been few and local, and confined to the 
recesses of lofty mountainous tracts, did any such elevated 
areas happen to exist within the arctic regions at that time. 

It w'ould really seem, then, after allowing all possible influ- 
ence to such geological changes as may have resulted in redis- 
tribution of land and sea, that these changes yet fail to solve 
the problem before us. No doubt climates may be and have 
been varied repeatedly by local disturbances of level, by sub- 
mergence here and elevation there. But, however extensive 
such changes may have been, yet their influence could not 
so far affect the general climate of the globe as to confer at 
one and the same time upon the whole northern hemisphere, 
down to low latitudes of the temperate zone, a severe arctic 
climate, and at another period a climate warm and genial, 
with no extremes of heat and cold, but a kind of perpetual 
summer."''^ 

* The reader ^ill find this interesting question discussed by Dr. Crfil in 
Philosophical Magazine for Feb. 1870, Oct. 1870, and Oct. 1871. See also Clmate 
and Time^ chaps, ii. and iii. 
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CAUSE OP COSJIICAL CHANGES OP CLIMATE — Continued. 

I’ailiire of geologists to furnish an adequate theory. — Astronomical phenomena 
may perhaps afford a solution.— Movement of the earth on its own axis 
and round the sun. — Eccentricity of the orbit. — Precession of the equinoxes. 
— Nutation. — Obliquity of the ecliptic. 

C BEING that the phenomena of eleyation and depression fail 
^ to account for such great cosmical changes of climate, is it 
not possible that a solution of the problem may be found in the 
relations of our planet to the sun ? Geologists of the modern 
school have always been jealous, and justly so, of attemjits to 
explain or account for the facts of their science by reference 
to causes other than those they see at "work in the world 
around them. And perhaps the frequent failure of physi- 
cists and astronomers to frame a satisfactory theory for those 
great changes of climate to which the rocks bear emphatic 
testimony may sometimes have been viewed by geologists 
with a kind of secret satisfaction. Of late years, however, 
the opinion has been gaining ground among our hammer- 
bearers that in this matter of cosmical climate they must, 
after all, be content to follow the guidance of the astronomer 
and the physicist, seeing that their own principles refuse, in 
this particular at least, to yield as much assistance as would 
be desirable. Nor, after he has sufficiently questioned all the 
natural causes with which his own peculiar studies have made 
him familiar, ought the geologist to feel surprised that these 
sometimes fail to explain the phenomena that come under his 
cognizance. There is no hard-and-fast line separating the 
domain of one science from that of another, and as the circle 
of knowledge widens boundary divisions become more and 
more difficult to determine. Perhaps of no physical science 
is this more true than that of geology. At one time the 
investigator into the past history of our globe had the field 
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almost entirely to liimself, and the limits of liis study were 
as sharply defined as if they had been staked off and 
measured. Now, however, it would be hard to say on which 
of the territories of his scientific neighbours he must trespass 
most. He cannot proceed far in any direction without com- 
ing in contact with some worker from adjacent fields. His 
studies are constantly overlapping those of the sister sciences, 
just as these in turn overlap his. It will, therefore, only be 
a further proof of the unity of Nature if those intricate pro- 
blems which have hitherto baffled the geologist should even- 
tually be solved by the researches of astronomers and the 
conclusions of physicists. 

j have already referred briefly to certain astronomical and 
physical theories which have from time to time been advanced 
in explanation of the grand climatic changes we have been 
considering. Of these, as I have indicated, some are too 
problematical to be relied upon as guides in our investigations 
into the origin of cosmical climates; while the most probable 
of them all, that, namely, wdiich -was supported by Sir 
Charles Lyell and is advocated by many geologists of the 
modern school, appears to be inadequate to explain the more 
important phenomena. 

Now, if all these theories be rejected, what have w^e to sup- 
plant them ? Well, there are certain considerations arising 
from the fact that, when long ages are taken into account, 
our earth upon its circuit round the sun and in its own 
diurnal revolution does not always hold exactly the same 
position with reference to the sun. But before entering upon 
these considerations it may be well to remind the reader of 
certain astronomical data, without a thorough coni|)rehension 
of which it will be impossible to convey a clear conception of 
the theory which I shall attempt to describe. 

There are, as every one knows, two principal movements 
proper to the earth. The fi.rst of these is its translation 
through space, during which it circles round the sun from 
west to east, and gives us the succession of the seasons in a 
period of one year. The second movement is that of rotation 
on its own axis, a movement which, as no one needs to be 
told, results in the phenomena of day and night. 

The orbit or path described by the earth round the sun is 
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not exactly circular, but ratlier an ellipse, and tliis elliptical 
path is known to astronomers as the ediptic. Keitlier is tlie 
snii placed quite in the centre of tbe ecliptic or orbit, but 
somewhat to one end of it, or, in other words, it occupies one 
focus of the ellipse, so that the earth, during its annual reyo- 
liition, is nearer or farther from our great luminary according 
as it approaches or recedes from that focus of the ellipse in 
which the light-giyer hangs. The jioint in the ecliptic at 
which the earth approaches nearest to the sun is called 
]idio% and the point where it reaches its greatest distance 
from that luminary becomes in astronomical language its 
aphelion. But it must not be supposed that the earth as it 
journeys year by year round the sun, pursues always exactly 
the same elliptical path. The attractions of the other planets 
are producing day by day a slow change on the shape of its 
orbit : in this way its track approaches at one time nearly to 
a circle, and at another time has a more oyal and flattened 
outline. But these deyiations are confined within certain 
limits, between which they are constantly oscillating back- 
wards and forwards. The eccentricity during a long lapse of 
years goes on decreasing till it sinks to a minimum yalue, 
and the orbit then approaches most nearly to a circle, with- 
out, howeyer, ever becoming actually circular. After passing 
this point the eccentricity begins to increase, and the orbit 
becomes more and more flattened, till a maximum eccentricity 
is reached. Then the cycle of changes comes slowly round 
again in reyersed order ; the orbit gradually draws nearer and 
nearer to a circle till a minimum is arriyed at, w^ben it again 
begins to grow’ elliptical, and continues to alter in this direc- 
tion till the next maximum is reached. At present, the path 
is slowly approaching the more circular route, and in about 
24,000 years from this date the ellipticity will reach one of 
the minimum points. After that the earth will again begin 
to follow a more and more elliptical course round the sun, 
until, when thousands of years have elapsed, its orbit shall 
have attained its maximum eccentricity ; and then the ellipti- 
city will again slow’ly diminish as before. It is important to 
notice that the intervals between consecutive turning-points 
are very unequal in length, and the actual maximum and 
minimum values of the eccentricity are themselves variable. 
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In this way it comes about that some periods of high eccen- 
tricity haye lasted much longer than others, and that the 
orbit has been more elliptical at some epochs of high eccen- 
tricity than at others. 

When the maximum of ellipticity is attained, the earth in 
aphelion will, of course, be fiirtlier fi'om the sun than it is 
now, at that point in the ecliptic ; while on the other hand, 
the earth in perihelion will be nearer. At present, the earth 
in aphelion is distant about ninety millions of miles from the 
sun, but when the eccentricity of the orbit is at its superior 
limit, in other words, when the planets by the force of their 
attraction have succeeded in pulling the earth as far from the 
sun as they can, the earth in aphelion will then be rather more 
than ninety-eight and a half millions of miles from the 
sun, or more than eight and a half millions farther than it is at 
present. Of course the reader will understand that while the 
earth’s orbit varies in its degree of ellipticiW, the time taken 
by the earth to complete a revolution round the sun never 
does. All that the planets do is to modify the shape of the 
path traversed by the earth. 

Besides its movement of tmnslation through the heavens 
round the sun, the earth, as we Imow, revolves or rotates on 
an axis of its own. Now this axis is inclined to the plane of 
the ecliptic at a certain angle which we wull for the present 
consider to remain constant, so that the axis is always parallel 
to itself. This is as much as to say that an imaginary line 
continued through the poles to the skies will he found to 
touch nearty the same vanishing-point in the heavens all the 
year round, so that no matter what the season may be — 
winter, spring, summer, or autumn, nor whether the earth is 
in aphelion or jDerihelion, a pole will always point in one and 
the same direction — the point in the heavens to wdiich our 
north pole is directed being situate near to the Pole star. 

If -we draw through the centre of the sun a plane parallel 
to the earth’s equator, this will cut the earth’s orbit at two 
points, which are termed the vernal MiA. autmmial equinoxes. 
The two points half-way between the equinoxes are called the 
summer and winter solstices. On the days when the earth 
passes through the equinoxes the day and night are of equal 
length all the world over. As the earth leaves the vernal 
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equinox the days in tlie nortliem liemispliere begin to get 
longer tlian the nights, and continue to increase in length up 
to the summer solstice ; they then decrease till the autumnal 
equinox is reached, when day and night are again equal. In 
other words, the time taken by the earth to pass from the 
vernal to the autumnal equinox is our summer half of the 
year. In exactly the same way, the time occupied by tbe 
earth in travelling from the autumnal to the vernal equinox 
is our winter half of the year, when the days are shorter than 
the nights. A very little consideration will show that in the 
southeni hemisphere just the opposite condition of things 
exists : while it is our summer they are passing through their 
winter half of the year, and summer comes to them at the 
same time as winter is passing over our heads. Further, it 
happens that our mid-winter now occurs very nearly when 
the earth is in perihelion, or at that point of its annual cir- 
cuit which is nearest to the sun, and from this important conse- 
quences flow. If we look at the two portions into which a 
line joining the equinoctial points divides the earth’s orbit, 
we shall see that one is longer than the other. It is the 
shorter bit of the two which corresponds to the winter of the 
northern hemisphere, and moreover this is just the part of its 
path over which the earth, on account of its greater proxi- 
mity to the sun, moves fastest. Both these causes work 
together to make our winter at present shorter than our 
summer. In fact, if we compute from the 20th March, or 
vernal equinox, to the 22nd September, or autumnal equinox, 
we shall find that the earth takes 186 days to swing round 
that portion of its circuit within which the northern hemi- 
sphere has its spring and summer — the other half of its orbit, 
which brings tbe southern hemisphere its summer and us our 
winter, being traversed in 179 days : so that the summer 
period of our antipodes is seven or eight days shorter than 
our own. 

Such is the arrangement of the seasons in the two hemi- 
spheres at present — our summer occurs when the earth is in 
aphelion, and is longer than our winter, while that of the 
southern hemisphere arrives in perihelion, and the winter is 
now there longer than the summer. But this arrangement 
luis not always obtained. There was a time when our hemi- 
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sphere liad its winter in aphelion, and a period will again 
arrive when the present condition of things wdll be reversed, 
and . the seasons in the two hemispheres vrill completely 
change. That is to say our December solstice, instead of 
being our winter wdll become our summer, ’while our future 
winter solstice will happen in what are now our summer 
months. This great change is eftected by a movement which 
is known as the recession of the equinoxes. 

It is not strictly true that the axis of the earth always 
remains, as we have been hitherto supposing, parallel to 
itself : for short periods this is nearly true, but nevertheless 
there is a slight change going on, which in the course of ages 
comes to be considerable. The attraction of the sun and 
moon on the j)rotuberant parts of the earth around the equa- 
tor are for ever, by their unequal j}ull, causing the axis 
slightly to shift its position, and the sum total of these dis- 
placements results in the motions known as precession and 
mitatiorL It is the first of them only with which we are 
specially concerned : it may be thus illustrated. Take two 
straight sticks, unite one end of one to one end of the other 
by a loose joint, and connect the other ends by a bit of 
string ; now while one stick is held steadily at rest, move the 
other stick round it, so that the string is ahuays kept tight ; 
the motion of the second stick will then resemble, in every- 
thing except speed, the movement of the earth’s axis known 
as precession. The extremity of the movable stick evidently 
describes a circle in space, and if we in imagination conceive 
the axis of the earth to be prolonged so as to touch the 
heavens, w^e should find that in the great cycle of its revolu- 
tion the end of the imaginary line we had protracted would 
trace out a circle among the stars. Now, bear in mind that 
the equinoxes are the points -where a plane through the sun’s 
centre, perpendicular to the earth’s axis, cuts the earth’s 
orbit. Since the axis is always in motion, this must also be 
the case with this plane, and therefore with the equinoxes. 
As the axis swings round it necessarily carries the last with 
it, and they travel along the ecliptic in a direction opposite 
that of the earth’s annual revolution ; and calculations show 
that the average distance traversed by them in a year is just 
what would be passed over by the earth in twenty minutes 
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aad tweiitj seconds, so that equal day and night come to us 
every year some twenty minutes earlier than they did the 
year before. Thus the places on the earth's orbit of those 
points on which the seasons depend are constantly shifting 
round. The summer solstice, for instance, will not always, as 
now, nearly coincide with the aphelion, it wdll slowij?- draw up 
to the perihelion, and 'vve shall then have a disposition of the 
seasons corresponding to that -which now obtains in the 
southern hemisphere : afterwards, a continuation of the 
motion will as slowly bring round again our present arrange- 
ment. 

This great oscillatory movement would run through a 
complete cycle in about 26,000 years, were it not for another 
complex movement, due to the action of the planets, wdiich 
succeeds in shortening the great cycle by some 5,000 years ; 
so that in half that time, or 10,500 years, our seasons wdll 
have completely changed, and the northern will then assume 
the arrangement of the seasons wiiich at present characterizes 
the southern hemisphere. In 10,500 years more the equinox 
will regain its initial position, and the distribution of the 
seasons that now- obtains will return. 

This movement of the axis is effected by the attractions 
of the sun and moon, wiiich act unequally on the globe, 
owing to the fact that our earth is not an exact sphere, but 
some wiiat flattened at tlie poles and swollen at tbe equator. 
If the world w^ere a perfect sphere no such inequality of 
action could take place, but the axis would always I'emain 
exactly parallel to itself. 

The portion of the motion of the earth's axis called nuta- 
tion Gonskts in small deviations, first to one side and then 
to the other, from the position it w^ould have at any time if 
precession alone w^ere taken into account. It is as if the 
string in our illustration were slightly elastic, and kept 
alternately lengthening and shortening itself a little. Under 
these circumstances the path of the end of the movable stick 
will be like the edge of a circular disc with a very slightly 
crimped or ivavy outline ; and this is the character of the 
path actually described by tbe pole of the earth's axis in 
space. The effect of nutation is alternately to inei’ease and 
diminish the inclination of the equator to the ecliptic, but 
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its amount is so very small that for all the purposes we are 
now concerned with it may be neglected. Nevertheless 
astronomers have long been aware that this inelination does 
vary to a greater degree by reason of a moYement due to the 
joint action of all the planets. This movement is at present 
gradually bringing the earth’s equator to coincide more nearly 
with the plane of the ecliptic. The effect of this ehange in 
the angle at which the axis is inclined to that plane is of 
course to lessen the duration of the long day and night at 
both poles. And if it were possible for the obliquity to 
entirely disap[>ear, and the plane of the ecliptic to coincide 
exactly with that of the equator, there would then be no 
difference in the day and night in any part of the world 
during the year. But the limits within which the position 
of the axis, with reference to a fixed point in the heavens, 
can thus change are very moderate. After a vast succession 
of ages, the ol3liquity which just now is diminishing will 
again increase until it reaches its maximum of 24*^ 50' 34". 
This is a very small change in the angle of inclination after 
all, but Sir John Herschel thought that, if millions in place 
of thousands of years were taken into account, the maximum 
change in the obliquity might increase to 3^ or even 4P on 
each side of the mean. With such a change as this the 
polar day and night would of course lengthen out, for the 
farther the axis bends over towards the sun the larger must 
be the area round the poles illuminated in the long summer 
day, and conversely the broader must be the extent over 
which in winter-time the polar night will prevail. 


CHAPTER X. 

CAUSE OF COSMICAL CHANGES OF CLBIATE — Continued. 

Effect of variation of the eccentricity of the earth*s orbit.— Sir J. HerscheFs 
opinion.— Arago’s.— Purely astronomical causes insiifficxent to afford a sobi- 
tion of the problem.— Dr. CrolFs theory.' — Changes of climate result 
indirectly from astronomical causes. — ^Physical effects of a high eccentricity 
of the orbit.— Extremes of climate at opposite poles.— Modifications of the 
course followed hy ocean-currents. — Perpetual summer and perennial winter. 
—Physical effects of obliquity of the ecliptic.— Succession of climatic changes 
during a period of high eccentricity. 

rpHE possible bearing that astronomical j)benomena miglit 
bare upon the climate of oiir globe has not infrequently 
engaged the attention of astronomers. Sir John Herschel 
was inclined to admit that variations in the eccentricity 
may be productive of considerable diversity of climate/' 
and might so operate during great periods of time as to 
produce alternately in the same latitude of either hemisphere 
a perpetual spring, or the extreme vicissitudes of a burning 
summer and a rigorous winter." And he was also of opinion 
that, owing to the precession of the equinoxes and the shift- 
ing of the earth's axis by another movement, these strongly- 
contrasted conditions would gradually be transferred from one 
hemisphere to another. Hence he thought it not improbable 
that some of the indications noted hy geologists, of widely- 
different climates having prevailed at former epochs in the 
northern hemisphere, might in part at least be accounted 
for/''^' 

Other eminent astronomical writers, among whom was 
Arago,t to quite a different conclusion, and were of 

* Tram. Geol. 8oe..^\ol. iii., p. 293, second series. Herscbel appears subse- 
quently to bave^ modified these views : see ** Treatise of Astronomy/’ Cabinet 
OyeUpmdia^ § 315, Outlines of Astronomy, § 368. 

t **On the Tliermometricai State of tbe Terrestrial Qlohe,’ ' Minburgh New 
Thiiosophieal Tomnalf vol. xvi. See also a paper by D. W. Meecb “ On tbe 
Relative Intensity of tbe Heat and Light of tbe Sun,” Bmithsoman ConiributiohS 
to KmivUdgCiyoLls. 
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opinion tliat no appreciable change of climate could possibly 
result from any variation in the ellipticity of the earth's 
orbit. The earth, they argued, receives the same total 
amount of heat in the aphelion as in the perihelion section 
of its orbit. And this, as we know, is due to the fact that 
our globe moves with greater velocity in perihelion than it 
does in aphelion. Thus it happens that, although the 
southern hemisphere in perihelion is turned towards the sun, 
and must receive par diem a larger share of heat than the 
northern hemisphere derives in the same space of time in 
aphelion, yet the perihelion section of the orbit is quickly 
travelled ; so that greater nearness to the sun only serves to 
make up for the short time the earth keeps in that position, 
just as in aphelion the greater distance of the earth from the 
sun is exactly counterbalanced by the longer time our globt' 
remains exposed to the solar rays. Nor does it matter, said 
some of the astronomers, to what extent the ellipticity of the 
orbit may vary — for it may reach the very highest degree of 
eccentricity, and yet the equal distribution of the sun's heat 
in perihelion and aphelion must continue invariable. Any 
difference in the amount of heat that might follow U|)on an 
increase of eccentricity, would, it was thought, rather take 
effect in bringing about a generally warmer climate for the 
whole world, than in producing a glacial period in one hemi- 
sphere and perpetual spring or summer in the other. And 
this conclusion was based on the fact that the total heat 
derived by the earth from the sun is inversely proportional 
to the minor axis of the earth's orbit. 

Such were some of the arguments brought forward to show 
that cosmical changes of climate could not be due to varia- 
tions in the eccentricity of the earth's orbit. Each of these 
arguments is strictly consonant with well-ascertained fact, 
and cannot possibly be gainsaid ; and therefore it may at 
once be admitted that purely astronomical causes alone will 
not account for that wonderful alternation of extreme climates 
to which the geological record beai's witness. But in a 
remarkable paper published in 1864,'" Dr. Croll clearly 

* the Physical Cause of the Change of Climate during Geological 
^hilomplmal Magazine^ August, 1864 see also GUmate ajid 

chap. iv. 
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slioweel that, ''altliough a glacial climate could not result 
directly from an increase in tlie eccentricity of the earth’s 
orbit, it might nerertheless do so indirectly.” At the present 
time the ellipticity of the orbit is such that the earth, when 
nearest to the sun or in the perihelion part of its course, 
receives in a given time one-fifteenth more heat than it does 
in aphelion. Now, this being the case, it is quite evident 
that, did the earth travel round the sun at the same rate in 
all parts of its orbit, or, in other words, were the seasons of 
equal duration, the southern hemisphere, which has its 
summer in aphelion would not only, as it does now, receive 
more heat per diem than the northern, but its annual pro- 
portion would also be greatly in excess. But, as the reader 
has already been reminded, this is prevented by the unequal 
pace at which our globe hurries on its way — the result being 
that both sections of the world receive the same yearly amount 
of heat. Dr. Croll points out that the |>resent difference 
between the two hemispheres, as regards the proportion of 
heat derived from the sun in a given time, would be vastly 
increased when the eccentricity reached its highest value. If 
at a period of maximum eccentricity the winter of our hemi- 
sphere should happen in aphelion, he thinks that we should 
then be receiving nearly one-fifth less heat during that season 
than we do now, and in summer-time, of .course, nearly one- 
fifth more. But if, on the other hand, our winter should, as 
at present, fall in perihelion, the effect of a great ellipticity 
he believes would be such as to annihilate the difference 
between summer and winter in the latitude of this country. 
And he grounds these conclusions upon purely physical con- 
siderations. 

During a period of great eccentricity of the earth’s orbit, 
the earth in aphelion would be rather more than eight and a 
half millions of miles farther from the sun than it is now, 
and the present long frigid winter of the southern hemisphere 
would then become still longer, and the cold much more 
intense. If it happened to be the northern hemisphere 
whose winter occurred in aphelion, of course similar climatic 
results would ensue, and the mean temperature of our winter 
wmiild fall below the freezing point. Consequently, all the 
moisture precipitated in our latitude during that season 
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would fall in tlie form of snow, and the British seas would 
he frozen over. Nor would the greater proximity of our 
hemisphere to the sun in perihelion avail to free these islands 
from their frost. It is true that the direct heat received in 
perihelion during the summer of a period of gi*eat eccentricity 
would exceed that which we now derive during that season 
by nearly one-fifth ; but this intense heat, paradoxical as it 
may seem, would not give rise to a warm simimer. The 
summers of North Greenland, we know, are colder than our 
winters, notwithstanding that the rays of the sun in that 
region are so strong as to melt the pitch on the sides of 
ships. Every one, indeed, has heard of the heat of the arctic 
sun, wliicli shines day and night during the whole summer- 
tide. But in despite of the sun's power, the mean tempera- 
ture of summer in North Greenland does not exceed one or 
two degrees above freezing point, and this is entirely owing 
to the i3reserice of snow and ice. Were it not for these, the 
sun would heat the ground, and the ground would impart its 
warmth to the atmosphere, and the summer temperature 
would then rise to something like our own. It is only in 
this way, or from passing over wai-m water, that the air can 
be heated, for the direct rays of the sun pass through it 
without sensibly affecting it. Now in the polar regions the 
sun’s heat is used up chiefly in melting the snow and ice, 
and not in warming the ground ; so that comparatively little 
of the summer heat finds its way into the atmosphere by 
radiation. Such being the case, it is not difficult to follow 
Dr. Croll when he argues that the sun, during a period of 
great eccentricity, would not be able to give a warm tem- 
perature to that hemisphere whose summer happened in 
perihelion. An increased amount of evaporation would cer- 
tainly take place, but the moisture-laden air would be chilled 
by coming in contact with the vast sheets of snow that had 
gathered during the long intolerable winter, and hence the 
vapour would condense into thick fogs, and cloud the sky. 
In this way the sun’s rays would to a large extent be cut off, 
and unable to reach the earth, and consequently the winter 
snows would not be all melted away. Nor, supposing there 
were drenching rains during the summer, would these suffice 
to dissolve more than one-eighth part of the snow and ice — 
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for, as Ilr. Croll remarks, “it takes nearly eight tons of water 
at 58 ^ Fahr. to melt one ton of snow^'' 

The accoimts gi^en by voyagers who have sailed in the 
south polar seas are often highly interesting, as showing the 
great clitierence in climate between lands situated at the same 
distance from the poles in the two hemispheres. They all 
agree as to the intenser cold of the antarctic as compared 
with the arctic summer, and to the greater frequency of cold 
raw fogs in the southern polar regions. Captain Forster, of 
the Chanikleer, who spent several months making observa- 
tions at Deception Island, mentions specially the thick fogs 
and strong gales which he encountered. The fogs indeed 
were so frequent and thick, that for ten days neither sun nor 
stars were seen, and the air w’as so intensely raw and cold 
that Lieutenant Kendal did not remember to have suffered 
more at any time in the arctic regions. And yet this was 
in January, the very midsummer of the south, and in a 
latitude corresponding to that occupied by the Faroe Islands, 
where the climate is much the same as in our own Shetland. 
Kow, when we remember that this cold ra\? summer of the 
south happens while the earth is actually nearer to the sun 
than it is at the time the milder northern polar regions have 
their summer, we cannot but admit that mere proximity to 
the sun will not necessarily produce a warm season. 

At the time of greatest eccentricity, when the earth would 
be nearer to the sun in perihelion than it is now, there can 
be no doubt that the heat received would be correspondingly 
increased. But during the long winter of aphelion — ^longer 
by thirty-six days than the summer of perihelion— such an 
accumulation of snow and ice would have taken place, that 
even the diminished distance between the earth and sun in 
summer-time would be powerless to effect its removal ; and 
so it would go on iucreasing year by year, until all northern 
Goimtries (winter happening in aphelion) down to the latitudes 
of these islands were swathed in a dreary covering of snow 
and ice. There would then be a glacial period over our 
hemisphere, while at the antipodes a very different condition 
of things would obtain. Supposing, as before, that the pre- 
cession of the equinoxes had caused the summer of the 
southern hemisphere to happen at the time the earth was in 
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aphelion, we slioiiH then have a climate for our antipodes 
exactly the opposite of that which, as Dr. Croll has shown, a 
maximum eccentricity would confer upon the northern hemi- 
sphere. The heat received would be less in a given time, 
but then summer would be thirty-six days longer, while 
winter would be much milder, and correspondingly short, 
owing to the sun being nearer than in summer by more than 
eight millions of miles. The result of all this would be to 
equalise the seasons. There would be a long cool summer 
and a short genial winter, during which probably little, if any, 
snow would gather ; and thus there would be an approach to 
what Herschel has called a perpetual spring.’' 

There is another set of circumstances, however, which, 
according to Dr. Croll, would help powerfully to increase the 
difference between the two hemispheres. He maintains that 
ocean-currents are due to the action of the constant and pre- 
vailing winds wdiich press upon the surface of the sea and 
thus impel the upper strata of water forward, the under strata 
being necessarily dragged along in the same direction. Ocean- 
currents will therefore, as a rule, coincide in direction with 
the trend of the prevailing winds, and Dr. Croll has shown 
upon a chart, -which is here reproduced (Plate IV.), how the 
system of ocean-currents agrees generally with that of the 
winds. But it does not necessarily follow that a current in 
any given part of the ocean will agree in direction with the 
wind prevailing in that particular quarter. Each current is 
only a member of one general system of circulation, and its 
course is determined not by one prevailing wind alone but by 
the combined action of all the constant and prevailing winds 
of the globe, while its direction is further modified by the 
conformation of land and sea. Hence we need not feel sur- 
prised wdieii sometimes we meet with a current nmiiing in 
direct opposition to the influence of the earth’s rotation and 
the trade-winds : such, for example, as the great Antarctic 
Current which flows north into the Pacific, and then actually 
bends round to the right and strikes eastward against the 
coast of South America. The phenomena of undercurrents 
are also susceptible of a simple explanation by the wind 
theory. Many of these undercurrents merely compensate 
for water that is being constantly drained off* in some other 
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regions. Thus tlie cold Polar undercurrent that dips under- 
neath the Gulf-stream near Bear Island evidently compensates 
for the water impelled northward by the southerly winds, 
just as the warm undercurrent which flows north underneath 
the Polar current to the west of Spitzbergen makes up for the 
water driven southwards by the northerly winds. When two 
opposing currents meet they 'will either keep to the surface 
and flow alongside; or should the course of one be strongly 
opposed by a constantly adverse wind, tben it will naturally 
take the path of least resistance, and this obviously will lie at 
some distance from the surface. Continuously pressed forward 
from behind it must dip helo’w the surface and thereafter 
will keep on its course as an undercurrent. Thus cold cur- 
rents sometimes plunge underneath w’-arm ones, while in other 
instances the reverse takes place and warm currents dip down 
below cold ones. For example, in the case of the Polar 
Stream just referred to, it is evident that this great current, 
when it meets the Gulf-stream at Bear Island, has not only to 
fight against that warm -current but is likewuse o23posed by 
the wunds from the influence of which it can only esca 2 )e by 
diving under the surface. And it is precisely the same set 
of circumstances that comj)els the Gulf-stream to the w^est of 
Spitzberg-en to become in its turn an undercurrent. 

If, therefore, it be true that ocean-currents owe their exist- 
ence to the combined action of all the constant and prevailing 
winds viewed as one grand system of circulation, then it is 
evident that anything arising to modify the action of the 
great constant winds (trade-winds) will likewise greatly influ- 
ence the system of ocean-currents. Let us now see how this 
must come about. 

The trade-winds exist, as everyone knows, by reason of 
the unequal temperature of the atmosphere at the equator 
and the poles. The air is heated under the equator, and 
rises to flow^ tow^ards the poles, wiiile cold currents set from 
the poles towards the equator to restore the equilibrium. At 
present all the constant oceanic currents af)j)ear to flow^ out of 
the Antarctic Ocean. In this w^ay the wide Equatorial Current 
is only a continuation of the great Antarctic Drift-current, 
wiiich, flowing north-east, enters the Indian Ocean, sending 
one branch by the west coast of Australia northwards through 
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tlie Indian, Arcliipelago, and^ aiiotlier . stream westwards/ so as 
to.strike^ tlie^ east coast of Africa. 'Leaving tlie: Mozambique 
Cliannelj tliis great current now doubles the Cape, and tlieii 
continues on its course north-westwards along' the. African co.ast, 
until eventuallvj sweeping across the . .whole; breadth . of the 
Atlantic, itTlivides, one stream flowing south: along' 'the coast 
of .Brazil,: and the. other striking 'for the Gulf of Mexico, .from 
which, when it issues, it takes the name of the' Gulf-stream; 

During such a glacial condition of things as would follow 
upon a great increase in the eccentricity of the earth’s r)rl>it, 
the air in the northern hemisphere (supposing the winter of 
that hemisphere to occur in aphelion) would be chilled down 
to a very iniich lower temperature than in the corresponding 
latitudes of the opposite hemisphere. And as such would 
necessarily be the case, it follows that -''the aerial currents 
flowing from the poles to restore the equilibrium which the 
upward set of the heated air under, the equator had disturbed, 
would be of unequal strength. The winds from the severe 
wintry north would sweep with much more vigour to-wards 
the equator than the opposite winds from the south pole. 
And hence Dr. Croll contends that with weaker winds blow- 
ing from the south the great Antarctic Drift-currents would 
be reduced in volume, while the subsidiary currents to which 
they give rise, namely the broad Equatorial and the Gulf- 
stream, would likewise lose in volume and force. And to 
such an extent ivoiild this be the ease, that, supposing the 
outline of the coiitiiients to remain unchanged, not only 
would the Brazilian branch of the Equatorial Curreiit grow at 
the expense of the Gulf-stream, but the Gulf-stream, he thinks, 
would eventually be stopped, and the whole vast body of warm 
water that now flows north be entirely deflected into the 
soiitliern oceans. For the same reason also the cuiTents of the 
Pacific, which carry so much warmth from the tropics to the 
north, would also be turned back.^ If such were the ease, we 

^ The southern hemisphere has a cooler mean annual temperature than the 
northern, notwithstanding that both hemispheres receive from the sun exactly 
the same quantity of heat. This anomaly is usually explained by assumino- that 
the southern hemisphere loses hy radiation more heat than the northern, the 
winter of the former being colder and longer than that of the latter; but JDr. 
Croll points out, with much apparent reason, that the cooler temperature of our 
antipodes cannot he so accounted for, hut is due rather to the constant transference 
of heat to the north hy means of ocean-currents, nearly all the great currents 
originating south of the Sept. 1869 ; Climate 
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'CaG'easily.coneeiTe that tlie reduction. of. temperature caused, by 
the withdrawal from the north of all these great ocean-risers 
of heated water would be something enormous. But so much 
loss to the northern hemisphere would be just so much gain 
to the southern, which would base its temperature raised to 
such a degree that, in place of a ‘^perpetual spring '' there 
might well be perpetual summer ” within the Antarctic 
Circle.*" , 

Besides an increased degree of ellipticity of the earth’s 
orbit, there is also another astronomical cause wdiich may 
lia?e no mean influence upon cosmical climate. This is a 
change in the obliquity of the ecliptic. We have seen that 
the axis of rotation, owing to the action of the planets, is 
compelled slowly to change the degree of its inclination to 
the plane of the ecliptic. At present this inclination is gra- 
dually growing less, and the eflect of this is to shorten the 
long day and equally long night at both poles. Nor is it 
difficult to understand how, if this inclination disappeared 
altogether, and the axis of rotation then became perpendi- 
cular to the ecliptic, we should have a perpetual equinox ; 
for the plane of our earth’s equator would then exactly coin- 
cide with that of the ecliptic, and the sun’s light being 
equally diffused over one entire half of the globe, at the same 
instant of time, day and night wmuld necessarily be of equal 
duration in all parts of the world all the year round. But, 
as we know, the inclination of the earth’s axis can vary only 
within comparatively narrow limits. Narrow though these 
limits be, however, it is, to say the least, highly probable that 
a change from a minimum to a maximum degree of obliquity 
could not take place without considerably influencing the 
climate of the poles. Dr. Croll has calculated that at the 
period of maximum obliquity, that is, when the poles in 
summer-time bend over towards the sun, so as to bring a 
wider area of the polar regions within the solar influence, 
there would be ^'one-eighteenth more heat falling at the poles 

* Dr. Crol! has endeavoured to calculate what would be the effect iipon the 
climate of the globe if ocean and aerial currents were stopped. At present the 
mean temperature of the equator is 80’ and that of the poles is 0^. But if all 
currents in air and ocean ceased, then the temperature of the equator would rise 
So® above what it is at present, while the poles would become 83® colder—tbe 
difference between the two amounting to 218®. See Climate and Time^ chap. ii. 
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tliaii at present — an amoimt of lieat wliicli, were there 
iieitlier snow nor ice at the poles, would raise the temperature 
witliin the Arctic and Antarctic Circles by something like 
fourteen' or fifteen degrees. 

The precise time occupied in passing from a minimum to 
a maximum obliquity has not as yet been determined exactly ; 
but during that prolonged period of great eccentricity which 
caused our glacial epoch, a maximum obliquity would no 
doubt be attained more than once. At tins period there was, 
as we have seen, a vast accumulation of snow and ice in our 
]iemis])here, consequent upon our winter occurring when the 
earth was farthest removed from the sun. Under such con- 
clitioDS an increase of obliquity could not, so long as the snow 
and ice remained, raise tlie temperature ; for the extra heat 
derived from the sun in the lengthened summer day would 
in a large measure be consumed in melting the snow and ice. 
But as there w'oiild be one-eighteenth more snow and ice 
melted than at present, the polar ice-cap would be reduced, 
and consequently the rigours of glaciation in our hemisphere 
would be diminished. To some extent, therefore, a change 
of obliquity w^ould tend to neutralise the efiects of a high 
degree of eccentricity. 

At the opposite pole, upon wdiich a large eccentricity had 
conferred a perennially warm and equable climate, the effects 
of increased obliquity would be to remove any ice that still 
remained, and in this manner to increase the general warmth 
of the atmosphere. When, upon the other hand, the obli- 
quity had reached its minimum, the immediate result of that 
would be to increase the snow and ice in the northern 
hemisphere, and to give a somewhat cooler temperature to the 
southern.* 

Thus, while w^e are considering the effect upon cosmical 
climate of a great increase of ellipticity of the earth’s orbit, 
we must be careful to remember that an increase of obliquity 
of the ecliptic will ever have a tendency to modify this. 
Nor, indeed, is it at all improbable that, wlien the eccentri- 

* Mr. T. Beit has recently endeavoured to show that the glacial epoch resulted 
from great changes in the obliquity of the ecliptic. Qum'Urhj Journal of 

Science f Oct. 1874. His views have been controverted by Dr. Croll, who shows 
that Mr. Belt has misapprehended the effects of obliquity on.the distribution of 
the Bun’s heat over the globe. Climate and Time, p. 415. 
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city is rery high without being actually at its maximum, the 
increase of heat due to an increased obliquity may be c|uite 
sufficient, so long as it lasts, to prevent any excessive degree 
of glaciation in that hemisphere whose winter happens in 
aphelion. 

We have already seen that a high degree of eccentricity 
would give rise to a whole series of physical changes — -every 
one of which would tend to widen the difference of tempera- 
ture between the opposite hemispheres. Now, if the obliquity 
of the ecliptic reached a minimum during our glacial epoch, 
as indeed it must have done more than once, the effect of 
great eccentricity and diminished obliquity combined would 
be to intensify the glaciation of our hemisphere. The result 
of this wmuld be to aid still more in the transference of all 
w-arm ocean-currents from northern into southern seas. I 
have already referred to the enormous influence exerted upon 
climate by the presence of these great bodies of warm water : 
so enormous indeed is this influence that it appears in the 
highest degree probable that the mere removal, by whatever 
cause, of such currents from our hemisphere would be suffi- 
cient to induce the growth of glaciers in this country, while 
in the Antarctic Cii’cle, to -which the -warm currents had been 
transferred, ice and snow would in large measure disappear, 

I would remind the reader, however, that while many 
eminent physicists maintain that the constant currents of 
ocean are caused by the continuous impact of the winds, 
which, by pushing forward in one clirection the superficial 
strata of water, force these to drag forward in turn the strata 
that immediately underlie them, several writers have advo- 
cated other theories of their origin. It wmiild lead me into 
too long a digression, however, were I to attempt the discus- 
sion of these various theories, even if this were the place for 
doing so. The evidence, and as it would seem, the weight 
of opinion also, appear to favour that theory which would 
assign a chief part in the origin of the great constant ocean- 
currents to the action of the winds. It does, to say the least 
of it, seem highly suggestive that the course of the main 
currents from the south should be just the same as that 
followed by the trade-winds ; and that the south-east trades, 
being so much more powerful than the north-east trades, the 
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currents from the south should likewise he stronger than 
those from the north.'"" 

Having shown the probable effect upon the climate of the 
globe that would ensue from a great increase in tlie present 
elliptieity of the earth’s orbit, and how this effect would be 
modified by changes in the obliquity of the ecliptic, it is 
hardly necessary to point out at length how this astronomical 
tmxt. causa appears to harmonize with the remarkable facts 
brought to light by geologists. It has already been stated 
that astronomers have ascertained the time required for the 
earth’s orbit to pass from a minimum to a maximum eccen- 
tricity, and this, it appears, is very irregular. It is only, 
however, when the eccentricity arrives at something consider- 
able that the climatic effects -we have been considering will 
become apparent. During the millions of years that have 
elapsed since the oldest rocks that we know of were deposited, 
the earth’s orbit has frequently attained a high degree of 
elliptieity. But by laborious calculations it has been found 
that the duration of such an eccentricity as would suffice to 
produce extreme conditions at the f)oles is very unequal. In 
the past three millions of years alone, Dr. Croll shows that 
there have been three such periods, separated by exceedingly 
irregular intervals, the periods lasting resjDectively for 170,000, 
260,000, and 160,000 years. So that even in the shortest 
of these periods there would be time for the precession of 
the equinoxes to complete several revolutions. That is to 
say that our hemisphere, during this long cycle of great 
eccentricity, might experience several glacial periods and 
several periods of such genial climates as we have referred to 

^ Dr. Carpenter has of late years very vigoronsl}’- advocated a view of oceanio 
circulation which is opposed to that generally held by the advocates of the 
“ wind theory.” He heiieves that the difference of temperature between polar 
and equatorial regions is sujOScient of itself to induce a slow general interchange 
of water between polar and intertropical areas. The great mass of warm water 
which recent dredging operations have proved to occupy the bed of the North 
Atlantic could not, he thinks, have been brought thither by the Gulf- stream — the 
influence of which, according to him, cotild only affect the most superficial 
stratum. The only hypothesis, therefore, which seems to him to account for the 
presence of the body of warm water which lies hetw’een 100 and 600 fathoms 
deep in the North Atlantic, is that of a great general movement of equatorial 
water towards the polar area, and a like great set of polar water tow’ards the 
equatorial area. These views (which are set forth in the Proceedings of the Mogaf 
Acezk/y, and Xh.Q Proceedings of the Royal Geographical Boeietg\hBNQ been strenu- 
ously contioverted by Br. Oroll, who has examined Br. Carpenter’s arguments 
with much minuteness. See Climate and Time. 
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.above, and eacli of tliese periods would last for tlioiisands of 
j’ears. ■ For, as we liave seen, tlie equinoctial point takes 
sometliing like 21,000 years to effect,, a complete revolution 
upon tke ecliptic, in half of whicli time tlie seasons in tlie 
two lieHoispiieres would of course be reversed — and tke pole 
wHcli liad enjoyed continuous summer would tlien be doomed 
to undergo perpetual winter— these conditions being modi- 
fied from time to time by changes in the obliquity of the 
ecliptic/^'* , 

That our hemisphere has frecpiently undergone such extra- 
ordinary vicissitudes of climate the records of geology suffi- 
ciently attest, and some of the proofs referred to are roughly 
Jtated in the opening pages of this chapter. It is not neces- 
sary, however, to enter into details with respect to all the 
great changes of climate, wdiether glacial or the reverse, of 
which the solid rocks have preserved some relics.t We are 
at present concemed only with those excessive glacial condi- 
tions that were the result, as we have seen reason to believe, 
of the last great increase in the ellipticity of our earth’s orbit, 
wffiicli began some 240,000 years ago and terminated about 
80,000 years ago — embracing a period of 160,000 years. 
The cold was most intense about 200,000 or 210,000 years 
ago, that is about 30,000 or 40,000 years after the glacial 
period had commenced. Now, during the continuation of 
this vast age of high eccentricity, our hemisphere must have 
experienced several great vicissitudes of climate. Glacial 
periods, lasting for thousands of years, must have alternated 
mth equally prolonged periods of genial conditions ; for the 
latter, no less than the former, are a necessary consequence 
of extreme ellipticity, combined with the precession of the 
ecpiinoxes. And during all these changes the general outline 
of the continents has remained much as it was before the 

* Mr. K. W. McFarland has recentty performed the severe labour of testing 
the accuracy of Dr. Croll’s figures by recomputing them, with the result of 
finding them “ correct in most cases, and not in error to the amount of *001 
except in one instance.’^ Dr. Croll’s tables were computed from Le Verrier’s 
formulte, and give a higher superior limit for the eccentricity than the tables 
given by Mr. Stockwell, which were computed from formulm of his own. The 
accuracy of Mr. Stoekweil’s figures has also been tested by Mr. McFarland, and 
it is exceedingly satisfactory to find that, according to him, there is “substantial 
agreement ” between the results obtained by Dr. Croll and Mr. Stockwell. See 
jlmerkmi Joimml of Science and ArtSy 3 xme, 1^1 

f See Appendix, Kote A. 
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advent of tlie glacial epocL Whatever influence upon 
climate, tlierefore, the relative distribution of land and sea 
may be allowed to have, it is quite certain no one can show 
that our glacial climate was induced by any peculiar arrange- 
iiient of land and sea. It has been considered that during 
the age of ice the land in the high latitudes of the northern 
hemisphere stood at a relatively higher level than at present. 
But there is no proof that the land attained either a much 
greater altitude or covered a much wider area than it does 
now ; on the contrary, all the evidence goes to show that 
large tracts of the northern hemisphere which are at present 
in the condition of dry land were, at various times during 
our glacial epoch, submerged. 

If, then, it be astronomically and physically true that 
extreme eccentricity of the earth’s orbit, combined with the 
precession of the equinoxes, wnuld confer upon our hemi- 
sphere long periods of continuous summer, separated by 
equally long periods of continuous arctic winter, we may next 
inquire whether there are any geological facts connected with 
the glacial deposits themselves, which, apart from any other 
considerations, would lead us to infer that our cold epoch 
was in reality not one continuous age of ice, but a period 
interrupted by long ages of milder conditions, during which 
the ice disappeared from the low-lying parts of the country, 
and may even have vanished for a time altogether. 


CHAPTER XI 


BEDS SXJBJACEKT TO AND INTEECALATED WITH SCOTTISH 

TILL. 

Lower and upper till or boulder-clay. — Upper deposit most abundantly met 
witb. — Beds in and below till.* — Seldom seen except in deep sections. —Ex- 
amples of superficial deposits passed tbrougb. in borings, &c.— Sections 
exposed in natural and artificial cuttings. — Examples. — Beds contorted and 
denuded in and below till. — ^Examples. — Fossiliferons fresb- water beds in 
the till. — Examples. — Fossils in the till. — Striated pavements of boulders 
in till. 

T he reader wlio has accompanied me so far may remember 
that, while describing the till, I mentioned that some- 
times it was underlaid by deposits of gravel, sand, silt, mnd, 
brick-clay, and peat, and that occasionally similar deposits 
rested upon it and were themselves covered by an upper 
accumulation of till or boulder-clay. And I stated that, as a 
general rule (although not always) the upper deposits of till 
differed from the lower in being somewhat sandier and not 
quite so firm and tough, while at the same time they con- 
tained a greater proportion of angular unpolished stones and 
very large blocks and boulders. Otherwise, however, the 
upper till is often quite as tough and as tumultuous and 
unstratified a deposit as the lower, and thus, in many cases, 
it is very difficult to distinguish the one from the other ; 
indeed, in isolated sections where only a single bed of till is 
exposed it is frequently quite impossible to say which it is. 
My own impression is that much of the boulder-clay visible 
at the surface of the ground throughout the length and 
breadth of the country is not the oldest accumulation of that 
kind, as will appear obvious enough after we have completed 
our examination of those subjacent and intercalated beds of 
gravel, sand, &c., which I am now about to describe. In the 
interior of the country we can only be sure that we are look- 
ing at a lower or upper till when the two deposits appear in 
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one and the same section, which is not a Tery nncommon occur- 
rence. As a rule, when such is the case, we find them separated 
by interwening layers of sedimentary materials which may vary 
in thickness from a mere line up to many feet or yards. 
Occasionally, however, the upper boulder-clay rests directly 
upon the lower, but there is always a more or less well- 
marked line of division between the two — ^the surface of the 
bottom bed being frequently iiTegular and hummocky. In 
maritime regions it often happens that the upper till con- 
tains, scattered throughout its mass, more or less numerous 
sea-shells, ehiefliy of arctic and northern species, which, as a 
rule, are broken, crushed, and even striated, although perfect 
single valves and univalves are sometimes met with; but 
although this maritime till is thus fossiliferous it is usually 
just as tumultuous and unstratified a deposit as any lower 
or upper till of the interior. No such shelly tills are found 
in the inland districts, nor have I ever seen or heard of sea- 
shells, broken, or otherwise, occurring in the heart of the 
lower till. We shall see by-and-by, however, that arctic 
marine shells do occasionally occur in beds of clay and 
sand that either underlie or rest upon, and are covered by 
masses of till in which no marine organisms can be detected. 

For the present, however, I shall reserve all consideration 
of the shelly tills and other boulder-clays, which either overlie 
or contain marine fossiliferous deposits, and shall confine 
attention in this and the three following chapters to those beds 
of gravel, sand, clay, silt, and peat, •which are of fvesli-tmteT 
origin, and which are associated either as subjacent or inter- 
calated deposits with accumulations of till in which no marine 
I , organisms appear. 

The subjacent and intercalated beds which we now proceed 
to examine must not be confounded with those lenticular 
patches, layers, and inconstant bands, beds, and heaps of 
shingle, gravel, earthy sand, and brick-clay, which are here 
and there enclosed in till, and form part and parcel of that 
deposit, as described at page 18 . On the contrary it is clear 
that the deposits which underlie the till evidently came into 
existence hefore it, and were subjected to considerable erosion 
by the glacier-mass beneath 'which the till was formed. Nor 
I is it a whit less clear that the intercalated beds are in like 
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rnamier older than the boulder-clay abore them, and younger 
than the boulder-clay or till below them- — the upper surface 
of which, one may see, has often been washed and worn into 
hollows before the overhung beds were laid down. 

These beds seem to occur somewhat i)artially, the till- in 
many districts not showing any such intercalations, but this 
seemingly partial distribution is more apparent than real. In 
the upper reaches of the valleys, wdiere the top-covering of 
till is not often thick, the streams are able to cut down 
through this to the solid rocks, and thus expose any inter- 
calated beds of gravel and sand or clay which the till may 
chance to contain. But where the valleys widen out into 
the broad undulating tracks of lower ground, there are few^ 
natural sections to disclose completely the character of the 
drift. Many of the streams do not go down through the 
•whole thiclmess of the till to the underlying rocks, so that 
we cannot always he sure from the sections seen that the 
boulder-clay may not contain or overlie beds of sand, silt, and 
gravel. In such low-lying districts, too, rail^way-euttings do 
not often go deep into the subsoils, so that w'e get com- 
paratively little aid from them either. So long as we have 
only a partial exposure of the drifts, and not a compjlete sec- 
tion from the surface* dowm through all the subsoils to the 
pavement of rock on which these rest, we are not entitled 
to assume that the whole drift-covering consists of till, merely 
because that deposit may chance to be the only kind of drift 
visible at the surface. The results obtained from a number 
of careful borings should render us cautious in this matter ; 
for in several distiicts where the superficial covering might 
have been considered to consist wholly of boulder-clay, that 
deposit appearing everywhere over the entire surface of the 
ground, the boring-rods have, nevertheless, after piercing the 
till, gone down tlirough considerable depths of sand, gravel, 
and other materials. At the risk of tedioiisness I shall here 
jot down a few records of such borings, that the reader may 
compare them with the sketch-sections. 

The two examples that follow show the occurrence of beds 
of sand and gravel underlying one single mass of till. The 
first is from the valley of the Liigar, near Old Cumnock, 
Ayrshire : — • ■ 
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Strong 131116 till wiili stones [till] 

Brown sand, verjrfine . . ' . . ■ . 

Gravel and, stones with large whin ” boulders . 

' Eock. 

The next is the record of a boring made at Woodhall, near 
Ormiston, Midlothian : — 

•• Ft. ,ia. ■ 

Surface, .soil . . . , ■ . . . . .'20 

, . Clay and stones [till] . . . . • • .40 

Sand and channel [gravel] . . . • . .',60 

, , Sandy shales, &c. 

The ■ succeeding show a greater Tarietj in the 'subsoils. 
The localities from which they are taken are given within 
brackets : — 

[Elphinstoxe, Midlothian.] 

Ft. In. 

Surface soil 

Clay 

Clay and stones [till] 

Channel [gravel] 

Sand and channel [gravel] . . . 

White sandstone. 

I [WOODHALL, M1DLOTHI.4.N.] 

Surface soil 

Clay and stones [till] . . . 

Sand and channel [gravel] . . . . 

Sandstone . . . . 

Channel [gravel] 

Clay and stones [till] . . . 

Sandy shales, &c. 

[Fhom Bit at Orbiston, Lanaeksiiihe, Mossend Iron Company.] 

Ft. In. 


Surface soil . 10 

Bed till and stones [till] 36 6 

Sand and gravel 4 0 

Bark muddy sand 21 8 

Brown sandstone in beds 28 0 

Whinstone block . . . . . . .0 10 

Sand and gravel . . . . . . . . 4 9-| 

Whinstone block . .03 

Sand and gravel . . . . . . . .15 

Light sandstone. 


[Boring, Dykehead, Larkhall, Lanarkshire.] 

Ft. In. 


Sandy clay and stones [till] . . ... . 24 0 

Sand and gravel ..56 

Sandy mud . • • . • . . • . 38 6 

Tough clay and stones ftill] . . . . . 33 0 

Mud . . . . . . . . . . 7 0 


1 0 
17 0 
13 10 
2 11 
2 7 
1 4 


5 0 
4 0 

4 6 

5 6 


Ft. In. 
76 0 
3 6 
7 0 


I m 
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Ft. In. 


Sand . . . . no 

Sandstone block . . .... . . , . .40 

Sand and gravel , . . . . . . . 12 0 

.Sandy clay ...... . . • S O 

Soft mnd . . • . . . . . . SO 0 

Soft mnd and beds of sand 5 0 


[Bobing, in same Distbict as last.] 

Surface and soft sandy clay 5 0 

Soft clay 13 0 

Sand 3 0 

Mud . . . . 24 6 

Gravel and sand . . 25 6 

Stiff clay and stones [till] . . . . . . 14 6 

Sand . . 4 6 

Sand and gravel 16 6 

Sandy clay and stones [till] . . . . . . 2 0 

Mud . . ... . . : . .80 

Muddy sand 17 0 

Hard gravel . . . . . . . .36 

Stiff sandy clay and stones rtill] . . . . 10 0 

Mud . . . . : 22 6 

Mud v'itb broken “ metals ” . . . . .76 

Carboniferous strata. 


I sTiall liaye occasion jiresently to refer to these borings,” 
and to adduce others ; meanwhile enough haye been given 
to show that shallow stream-sections, and other natural and 
artificial exiiosiires, do not always tell us the whole truth. 
Any one going over the ground from which some of these 
borings are taken could not possibly have guessed that 
underneath the till, or other deposits he saw at the surface, 
lay deep beds of sand, gravel, mud, and intercalated masses 
of till. 

But although stream-sections never yield such deep expo- 
sures of drift as some of the above, yet the cuttings laid 
open by the rivers are often highly instructive. And so 
often do the river-cuts disclose the presence of sand, mud, 
and gravel intercalated amongst or underlying till, that we 
must look upon the occurrence of these beds rather as the 
rule than the exception. It must not, however, be imagined 
that the beds referred to always, or even often, attain the 
great thiclmess indicated in some of the borings given above. 
They are generally much thinner, and frequently absent 
altogether, when nothing save sheer till covers the under- 
lying rocks. This is most commonly the case in the hilly 
districts, the subjacent and intercalated beds becoming more 
jSrequent, extending more continuously, and acquiring a 
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greater tMclmess as thej approacli tlie lower levels of tlie 
country. Yet, even in these last-named districts, they 
seldom continue far without interruption, but ever and anon 
disappear, leaving the stony clay to form the whole of the 
subsoil down to the rock-head. 

I shall now bring forward a few sections to illustrate the 
general aspect of the till and its associated deposits as pre- 


t 



Pig. 19. — Till, t, resting on stratified deposits, ff, Douglas Burn, Yarrow. 


sented to iis in natural and artificial cuttings. The first I 
select, not only as an example of the occurrence of beds 
underneath the till, but also because it serves to show the 
general position occupied by the till in the valleys of the 
Southern Uplands. 

Fig. 19 represents the section as seen in the left bank 
fronting the stream ; Fig. 20 represents the same deposit as 
it would appear in a transverse section ; thickness of dejiosits 
10 to 15 ft. 



A fine example of similar phenomena was pointed out to 
me by my colleague, Mr. B. N. Peach, in the north bank of 
the river Tweed, near Melrose. The annexed Fig. 21 will 
convey a general idea of the appearance of the beds. The 
rocks r were smoothed as if water-worn below the coarse 
shingle and gravel g, and from the arrangement of the gravel 
there could be no doubt of its fluviatile origin. 

It frequently happens, however, as I have remarked above, 
that the stream-sections do not go down quite to the rock. 


JZZ 
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In such cases, although we may sometimes surmise what the 
underlying drifts are, yet we neyer can be at all certain about 
the matter — so inconstant are they, so liable to change. In 




^ ^ <3 <j 


^ <3 Q ^ 


iig. 21.— iiii, jf, on nver-gravel and sand,/?, Tweed, 3Ielrose (thickness, 30 to 

40 ft.) 

the sections that follow it will be observed that the subjacent 
rock is not seen, and therefore we cannot say whether the 
aqueous deposits that underlie the tiU form the bottom beds 
of the drift or not. 


Fig. 22 . — TjU, tj on stratified deposits, s e, Glen w ater, Ayrshire (tbiclmess, about 

SO ft.) 

In this section (Fig. 22), a bed of strong tough till rests 
upon a fine yellowish white sand s, containing thin lines or 
laminte of brownish clay. Underneath the sand comes fine 
clay c, arranged in leaves, with partings of sand. It is 

/!rr~<n <5'' ' ^ 



Kg. 23. — Till, f, resting on sand, s, and clay, c, Garpal "Water, AyrsMre. 

worth noting also that a few well-scratched stones are ^scat- 
tered spai’sely through the beds last mentioned. 6-, ->1 

In the sections now given it will he observed that the till 
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rests upon a plain or leTel surface of sand, gravely or ela}v 
as tlie case may be. The junction-line, howeyer, is not 
always or even often so regular. In Fig. 24 the till is repre- 
sented as cutting down into beds of sand and gravel in a 
most irregular way — ^the lines of bedding in these deposits 
ending abruptly against the till A still better example of 



the same appearance was exposed during the progress of the 
excavations for the Peebles Railway at Neidpath TunneL 
Here a mass of tough till, with the usual scratched stones % 
overlies a series of horizontal beds of clay, sand, and gravely 
which terminate quite suddenly against the till. The 
clays were of that kind which is teimed ‘'gutta-percha/'" 


t 



exceedingly fine, and arranged in extremely regular layers 
or laminae, underneath wdiich w^ere earthy gravel and sancl 
Only one bed of till is shown in the above sketch-sections^ 
but imderneath the aqueous beds represented in Fig. 25 I 
have reason to believe that another deposit of till occurs. 
In the next illustration (Fig. 26) two beds of till are 
apparent. The intercalated beds here consist of sand and 
clay. They are capped by till, f, somewhat sandy, but quite 
unstratified and full of striated stones; a more tenacious 


Fig. 27. — Stratified beds, s c, ia till, t% Leitben Water, PeeblessMre. 

^uasily be giyen, but from those already produced the reader 
will have a clear enough notion of what is meant by the 
contortion and displacement of the beds in the till.*^'' 

The sections to which I shall now refer are most interest- 
ing, inasmuch as they have yielded organic remains. Some | 
years ago my brother described a section of till seen in the ' 

Slitrig Water, near Hawick. Professor Young and myself saw 
tlie section at the same time, wdiich is giyen b}- my brother 
ns follows 

Vegetable soil. 

Boulder elay, 30 to 40 ft. 

* For a fiirtlier account of beds subjacent to or intercalaied among till, tlie 
yeader^wbo is interested in the matter may refer to my brother's paper on the 
Glacial Drift of Scotland " iSoc. toI. i. part, ii,), in.’whicli lie 

wiE £nd references to otber papers descriptive of the same phenomena. 
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■Stratified beds. 


t Yellowisb graTelly sand. 

Peaty silt and clay. 

Pine ferruginons sand. 

Coarse shingle, 2 to 3 ft. 

Coarse stiff hoiilder-clay, 15 to 20 ft. 


It may aid the reader’s conception of this succession if I 
give here a diagrammatic section across the deposits, which 



Fig. 28. — Fossiliferous beds in till, Slitrig Water, near Hawick, t, till; y, stra- 
tified deposits ; r, rock. 


will sliow at tlie same time tlie position of tlie intercalated 
beds, and tlie mode in wHcli tbe till occurs in the valley. 

The cliff at this locality '' (I quote from my brother's* 
paper) “is at least forty or fifty feet high, and consists of a 
stiff bluish clay stuck full of boulders. The bed of stones 
or shingle is 'well seen, even at a little distance, running as a 
horizontal band along the face of the cliff" at a height of 
some fifteen or twenty feet above the level of the stream. 
On closer examination this zone proved to consist not merely 
of water-rolled shingle : over the lower stratum of rounded 
stones lay a few inches of well-stratified sand, silt, and clay,, 
some of the layers being black and peaty, with enclosed 
vegetable fibres in a crumbling state." So far as it was 
possible to ascertain the nature of the vegetable remains, 
in the peaty layer, they appeared to be the rootlets of a kind 
of heath." 

On the banks of the Carmichael Water, Lanarkshire^ 
according to the same observer,'''* beds of sand, clay, silt,, 
and gravel, with a thin peaty layei', and fragments of moul- 
dering wood, rest in a hollow of the till, and are covered up 
by another mass of exactly the same kind of deposit. 

Again, he describes certain contorted beds of tough gutla- 

* Tram, Geoh Soc. Glas.^ vol. i. pari iL I have seen tbe sections describefi.- > 
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|jerelia clay and finely stratified sands as oeeiirring in the till 
at Cliopelhalh near Airdiie. These deposits Taried in thick- 
iiess lip to twenty or thirty feet, and in them layers of peat 
and decaying twigs and branches have been detected. They 
were clearly overlaid and underlaid by tough stony till 
At Craigiockhart Hill, about a mile south of Edinburgh, 
an intercalated bed of sand was exposed during the operations 
for the erection of the city poorhouse some years ago. 
The bed was from, one to three feet thick, and Dr. Croll-''‘ 
obtained from it a quantity of vegetable remains which were 
unfortuiiately in too decayed a state to allow of their specific 
character being determined. A great many tree roots were 
observed in the position in which they had grown. The 
sand rested upon a mass of till, and was covered hy another 
nccumiilation of boulder-clay. The roots did not extend 
upwards into the overlying till, the stones and boulders of 
which rested directly upon the U23per ends of the roots, 
which were abruptly truncated. 

Mr. John Henderson has described the occurrence of a bed 
of peat, with associated deposits of sand and gravel, that lay 
between two masses of till at Eedhall Quarry, near Edinburgh, f 
A bed of clay resting upon, and covered by till, was 
observed by Mr. R. Craig in a limestone quarry at Overtown, 
near Beith, Ayrshire. The clay was full of roots and stems 
of the common hazel, which had evidently grown m situ long 
before the upper till was laid down. Hazel nuts were plen- 
tiful in the clay, which occupied a basin-shaped hollow in 
the surface of the lower till, about 130 yards, long, by 30 
yards broad. + 

At Hillhead, some distance from Overtown, the same 
observer noticed a similar intercalated deposit of clay full of 
Temains of hazel. The overlying till contained lumps of the 
freshwater clay with its characteristic fragments of hazel 
Erom the same bed of boulder-clay, Mr, D. Robertson 
obtained a freshwater ostracode.i 

^ Climate and p. 245. f Trans. G-eoL Soc. Edin.^ vol. ii. p. 391. 

t Trans. Geol, 8oc. Qlas.^ vol. iv, p. 145. 

§ Op. etloe. dt. At Orbiston (LanarksMre) I bave noticed a similar fresb- 
clay with bazel-nuts. It rested in hollows of the till, and although at the 
time of my visit I did not see the clay overlapped by till, yet I felt sure from 
its position that it could not be of postglacial age. 
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Mr, Craig likewise notes tlie occurrence of two beds of 
till at Roiigiiwood Qiiany, Beitli, The upper bed rests 
direetlj^ upon the lower, save at one place where a thin bed 
of ivater-roUed shale lay in the line of division, and in the 
bottom of the upper bed. a species of moss ■ was found.” 

The aqueous beds intercalated with the till not infre- 
quently «appear to lie in basins or saucer-shaped hollows or 
depressions. A good example of this was recently exposed 
near Neilston, in the cutting of the raihvay from Crofthead 
to Kilmarnock/" This railway tra%^erses the valley of the 
Cowdoii Burn, and during the progress of the excavations, 
■which were very extensive, some exceedingly interesting 
phenomena came to light. The section (Fig, 29) shows the 
face of the cutting as seen in 1868 ; since that date, how- 
ever, the navvies have not improved it for geological pur- 
poses. In the ■Avoodcut t represents the till, of which there 
are tW ' 0 beds, one at the top and the other at the bottom of 
the section. Both beds are good typical examples of till, 
being quite iinstratified, and crammed with angular, scratched, 
and polished stones. The intercalated beds c consist of silt, 
clay, mud, sand, and fine gravel, all well-bedded, and here 
and there thin lines and layers of peaty matter occur. The 
underlying rocks r are heautifully smoothed and striated. A 
section (Fig. 30) drawui at right angles to the preceding one, 
that is across the line of railway, will show the general rela- 
tion of these drifts to the valley in which they lie. The 
intercalated beds are remarkable for having yielded an imper- 
fect skull of the great extinct ox {Bos ‘pTimigeniiis)^ and 
remains of the Irish elk or deer, and the horse, together 
with layers of peaty matter. From these, Mr. J. Mahony 
obtained many relics of what must have been a varied fauna 
and flora. Besides a number of species of Desmids and 
Diatoms, the pond-weed and eleven species of mosses 
occurred and were abundantly developed. Many plant-seeds 
and fragments of w^ood, chiefly birch and hazel, were also 
detected. Among animal remains were found traces of infu- 
sorial life, spiciite, and a fragment of a fresh-water sponge, 

^ See papers by the author GeoL Mag., yoI. v. p. 393, andvol. ti. p. 73. Mr. 
Mahony subsequently examined the peaty layers, and has described the organic 
remains he met with in an interesting paper in the same Magazine. See vol. vi. 
p. 390. 
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jaws of a leech, plentiful .remains of entoniostracaiis, belong- 
ing, probably, to, a species of Daphnia, relies of probably 
three species of beetles, and the eggs of an insect — one of 
the Ephemerklse. , In the clay under the peat containing 
these ■ fossils, Mr. D. Eobertson obtamed several species of 
ostraeodes. The, stratified deposits in which all these o,rganic 
remains occur are precisely similar to many of those which I 
have 'already briefly referred to. 

In a gravel and sand-pit near Carham, on the Tweed, I 
obtained numerous small bones, wliich Professor Huxley sub- 
sequently determined to be those of frogs and water-rats. 
They lay in a bed of yellow sand and fine gravel, in wliich 
lew stones occurred sporadically here and there. Underneath 
was an irregular mass of rather sandy and loose boiilder-elay, 
full of the usual blunted and glaciated stones. Above the 
sand-bed came a tliickness of twenty or twenty-five feet of a 
rude pell-mell assemblage of glaciated and rounded stones, 
wdtli here and there some unpolished angular fragments and 
large blocks of a siliceous limestone which occurs in place 
a little farther up the valley. Occasional lenticular patches 
of fine sand and gravel occurred in the mass, which was feintly 
stratified in part, the lines of deposition pointing in a direc- 
tion down the valley. This latter deposit has no connection 
with the gravels of the present river, the modern river valley 
having been excavated through the drifts, of which the one 
I refer to forms a part. It seems to have been laid down 
during the retreat of the final ice-sheet as a coarse morainic 
flood-gravel ; and, consequently, the frogs and water-rats of 
the underlying sand-bed must belong to the glacial period. 

In the mass of the till itself, fossils sometimes, but very 
rarely, occur. Tusks of tlie mammoth, reindeer antlers, and 
fragments of oak and other trees have, from time to time, 
been discovered in this position. They almost invariably 
afford marks of having been subjected to the same action as 
the stones and boulders by wliich they are surrounded ; that 
is to say, they are rubbed, ground, striated and smoothed. 
Sea-shells, broken, crushed, and striated, also occur under 
similar circumstances in certain deposits of till which fiill to 
be described further on. 

Before leaving the non-marine intercalated beds of the till. 
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it is necessary to call attention to another remarkable appear* 
ance sometimes presented by tlie till. The appearance to 
which I refer is what has been termed ''a striated pavement/" 
that is/ a horizontal surface or level of till where all the 
prominent boulders and stones have not only their original 
and independent strise, but where they have subsequently 
suffered a new striation which is parallel and persistent 
across them all/"'"* Such pavements, as one would naturally 
expect, are more frequently exposed along a seacoast or 
in a horizontal section than they are in the interior of the 
country. Nevertheless, some welhauthenticated instances of 
the latter have been observed, where the ^'pavements"" were 
only exposed upon the removal of overlying till. 

* A. Geikie’s “ Glacial Bnffc of Scotland,” Tram. 0ml. Boo. Olas.^ vol. i. 
part 2. In. this memoir several pavements are descrihed, and references given 
to similar descriptions hy other observers. 
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BEDS SUBJACENT TO AND INTERCALATED WITH THE SCOTTISH 
TILL — Contimied. 

Beds Below and in the till indicate pauses in the formation of that deposit. — 

How tlie aqueous beds have been preserved. — ^Their crumpled and denuded 
appearance. — Their distribution. — Character of the valleys in 'which they 
occur. — The present stream-courses, partly of preglacial, interglacial, and 
postglacial age. — Old course of the Biver Avon, Lanarkshire. — Preglacial 
courses of the Calder Water and Tillon Burn. — Buried river-channel betv/een 
Kilsyth and Grangemouth. 

TT^'E may now proceed to the explanation of the facts 
T ? adduced in the last chapter. The reader has already 
seen that the till itself is a truly glacial deposit, due to the 
grinding action oyer the surface of the country of immense 
masses of glacier-ice. But no one will doubt that its inter- 
calated and subjacent beds of silt, sand, and gravel have had 
a very different origin. They occur in such layers as could 
only have been spread out by the action of running water. 
Evidently, then, these strata are a very different kind of 
deposit from the till that encloses them, and it is equally 
self-evident that at the period of their formation the produc- 
tion of till must for a time have ceased, at least in those 
particular places where the stratified beds occur. And seeing 
that these intercalated beds are not confined to any one dis- 
trict, but are found in every part of the country where they 
have been searched for, it is reasonable to conclude that there 
were times when the great ice-fields that covered the country 
receded so far at least as to uncover the lowland tracts and 
valleys, and permit the accumulation in those regions of clay, 
sand, and gravel. Nor does it seem less reasonable also to 
conclude that after such a recession the ice again advanced 
and covered up the aqueous strata with thick deposits of 
stony claj^. But here a diflScuIty will occur to the reader 
which it may be well to notice. How, it may be asked, 
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could soft beds of sand, silt, and gravel escape being ploiiglied 
out by the ice-streams wliicb are said to have deposited tlie 
overlying stony clay ? 

It lias already been pointed out tbat tlie existence of tbe 
till itself is a difficulty of the same kind ; and I have endea- 
voured to show that this deposit bore the same relation to 
the ice-sheet that river-detritus does to a river. There can 
be no doubt that in many places over which the ice-sheet 
passed till could not possibly accumulate, just as in the bed 
of a stream there are bare rocky slopes exposed to the full 
sweep of the water where detritus is not permitted to gather. 
It is no less certain that after till had been piled up in some 
places it was again and again ploughed out, and redistributed 
below the ice-sheet. Now we find that the intercalated beds 
of sand and gravel give unequivocal proof of having been 
subjected to great pressure. They are twisted, bent, crumpled, 
and confused, often in the wildest manner.* Layers of clay, 
sand, and gravel, which were probably dej)osited in a nearly 
horizontal plane, are puckered into folds and sharply curved 
into vertical positions. I have seen wdiole beds of sand and 
clay wdiich had all the appearance of having been pushed 
forward bodily for some distance, the bedding assuming 
the most fantastic a 2 Dpearancet (see Figs. 22, 24, 25, 26, 
27). 

But the intercalated beds have not been crumpled only ; 
they are everywhere cut though by the overlying till, and 
large portions have been carried away. Indeed, when we 
compare the bulk of these beds to that of the till, w^e must 
at once allow that they form but a small fraction of the drift 
dej)Osits. Owing to the erosive powder of the old glaciers, 
comparatively little of the intercalated sand, &c., has been 
spared ; but enough is left to assure us of the former impor- 


^ In certain regions, however, particularly as we approach the limits reached 
by the old ice-sheets, the stratified beds lying in and below the till or boulder- 
day are often comparatively undisturbed over considerable areas. This is 
specially the case in England and Korth America, as will be pointed out in the 
sequel. The remarks in the present chapter have special reference to the pre- 
servation of intercalated deposits in a highly glaciated region. 

t Fora graphic account of contorted intercalated beds, the reader may refer 
to my brother’s description of the Chapelhall deposits (mentioned ante, pVl25). 
He tells us that so great had been the pressure of the ice that the till appeared as 
if it had been injected between and among the layers of clay and sand. Trans. 
GeoL 80c. Bias., Yol. i. 2 . 
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tance of tlie intercalated beds. The geological value of a 
deposit has not usually been measured by its bulk. 

In exposed positions, such as hill-tops and hill-slopes, the 
till never contains intercalated beds ; nor do these occur save 
as interrupted and fragmentary patches, in jdaces that appear 
to have been open to the full sweep of the ice-currents. It 
is usually in positions sheltered in great measure from the 
pressure and grinding of the glaciers that the stratified beds 
of the till have been best preser^^ed. But what, it may be 
asked, is meant by a position sheltered from the grind of the 
ice? Do not these sand and gi'avel beds occur exclusively 
in the valleys, and is it not just in such positions where the 
grinding action of the old glaciers was most powerful ? If 
the ice-sheet covered the whole country, in what possible posi- 
tion could the sand and gravel beds he comparatively secure ? 
Let me try to make this plain. In Scotland, as in other 
countries, the large rivers flow in broad open valleys, and are 
fed by lateral tributaries which issue from narrower and 
more confined valleys and ravines. The river Clyde, for 
example, wdiich flows towards the north-west in a valley that 
gradually expands to a broad open strath, as it approaches 
its estuary, is joined from north and south by numerous 
streams, many of which run in deep narrow ravines, until 
they are just on the point of mingling their waters with the 
river. This appearance is very well seen in the neighbour 
hood of Hamilton. The Avon there winds through a deep 
cool ravine for several miles before it enters the Clyde, and 
the same is the case with the little tributaries of tire Avon 
itself. The Calder from the north-east also makes its way 
towai’ds the Clyde in a romantic glen, w^hose precipitous 
walls, like those of the Avon, are hung with greenery. Now 
during the glacial period, the ice-sheet, which followed the 
lines of the principal valleys, must frequently have crossed 
the lateral and subsidiary valleys nearly at right angles. In 
the main valleys the glacier would exert its full influence, 
but, as my brother has pointed out, it would not be able to 
do so in the narrow lateral valleys and ravines ; the ice and 
till would merely topple into the glens referred to, and gra- 
dually choke them up, and the main mass of the glacier 
would then pass on over the whole. Here the analogy of 
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rmining water again help ns. In a stream-eonrse we 
see liow tlie detritus accumulates in deep holes and pools, at 
the bottom of which the water is often welhnigh still, while 
a current is sweeping across at the surface. 

In such narrow glens, then, any silt, sand, or gravel that 
had gathered during the temporary absence of the ice-sheet 
would not be so likely to be ploughed out ■when the ice 
returned, as the similar materials wdiich had accumulated in 
those broader and more open valleys where the ice would have 
full freedom to move and exert its erosive power. 

But it may be objected that it is precisely in the n?nTOwer 
ravines where at the present day we meet with no drift what- 
ever, where in fact the streams flow between bare walls of 
rock ; while, on the contrary, the broader and more open 
valleys show considerable depths of sand, silt, gravel, and 
stony clay. To this objection it may be answered that the 
narrow ravines in which so many of our streams flow have 
been formed almost without exce23tion since the close of the 
glacial ej)och. The ravines are in most cases new cuts exca- 
vated by the streams after the confluent glaciers had finally 
vanished. 

How this has happened will readily appear when Ave 
remember that the work performed by the old glaciers w^as 
twofold. In many cases the massive ice-streams deejyened 
the valleys that already existed — in certain regions digging 
out great hollows, to the nature and origin of which reference 
will be made in a subsequent chaptei'. But after having 
deei)ened valleys and widened glens, they very frequently 
buried these again more or less comj)letely under vast piles 
of clay, sand, and boulders. Some valleys indeed they com- 
pletely obliterated, so that when the ice finally melted away, 
and left the land once more exposed to the light of day, the 
streams and rivers could no longer flow in their old courses, 
but were comj)elled to form for themselves new channels. 

It is quite true that, speaking generally, the j)3:^sent 
drainage-system is very much the same as that which ob- 
tained before the advent of the glacial epoch ; nevertheless 
the course ^followed by each river and stream seldom agrees 
precisely with that along which the waters made their way in 
pregiacial times. Sometimes the streams flow throughout 
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nearly their entire length in new channels which have been 
cut in rock since glacial times, the older courses being still 
choked up and concealed under the clay and stones that were 
shot into them by the old glaciers. More firequently, how- 
ever, the present liver-coiirses are partly new, partly old. 
Wlien, after the ice had disappeared, the water again began 
to make its way down the slopes of the land to the sea, it is 
self-evident that the direction of the streams would be deter- 
mined by the configuration of the ground. But this, as we 
have seen, would not exactly agree with that of preglacial 
times. Many of the valleys had been levelled up, and in not 
a few cases long hills and mounds of drift appeared where 
deep delis had formerly existed. The chief features of the 
country, however, remained ; the broad valleys and straths, 
altliougii clothed with drift deposits, j^et again received the 
tribute of the lateral streams, and formed the highways of 
the principal rivers. But the lateral feeders of these rivers, 
following the new slopes of the ground, have not always been 
directed into their old channels. Sometimes, indeed, they 
wander for miles away from these, and join the main stream 
either far above or far below where they formerly debouched. 
Even when, after cutting down tlirough the drift deposits, 
they have happened to regain their old channels, they usually 
leave these again and again as they journey on, plunging 
ever and anon into deep rocky gorges, which, as I have said, 
have been chiselled out by them since the close of the glacial 
epoch. 

To the wanderer along the course of some of the lowland 
streams nothing can be more striking than the sudden and 
complete change of scenery that ensues upon the passage of a 
stream from its new into its old chamiel. In the former the 
water frets and fumes between lofty walls of rock, which, seen 
from below, appear to rise almost vertically from the river’s 
bed. In such a deep narrow gorge the stream may continue 
to flow for miles, when of a sudden the precipitous cliffs 
abruptly terminate, and the water then escapes into a broad 
vale with long sloping banks of stony clay, sand, and gravel. 
After winding about in this open glade for, it may be, several 
miles, tbe stream not infrequently leaves again as suddenly 
as it entered, and dashes once more into another dell, whose 
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steep walls of rock skoot up and overliang tlie water as 
before. The broader and more open portions of the valley, 
where the sloping banks are formed of drift debris, is of 
course that part of the old preglacial channel which the pre- 
sent stream has re-excavated ; while, as already indicated, the 
narrow and rocky gorges are entirely new cuts made by the 
stream during the ages that have elapsed since the glacial 
epoch. ' ' 

In many cases the present streams seldom continue in their 
old channels for any distance. We often find them cutting 
across these nearly at right angles, and in this way fine 
sections of the old buried river-channels with their contents 
frequently appear in the rocky glens of the Lowlands, to 



Fig. 31. — Diagram to show preglacial and postglacial river-course, a a, ‘buried 
course ; b h, postglacial channel ; / f, and dotted parts show re-excavated 
channel. Sections above indicate character of yalley along the lines A B 
and C JD. 

some of which I shall refer presently. A glance at the 
woodcut (Fig. 31), which is a diagrammatic ground-plan 
intended to illustrate the phenomena just described, will show 
how it comes to pass that a postglacial channel may often cut 
a preglacial course, and yet the present stream coincide in 
direction with that of preglacial times. The buried course is 
represented at a and the new channel at b 6; the thin line 
on either side indicating the tops of the cliffs b 6, and sloping 
banks //. From /to /it will be observed that the present 
channel coincides exactly with the old course, while at X X 
the latter is cut across nearly at right angles by the former. 

In most cases the preglacial channels prove to be wider 
and sometimes deeper than the new cuts; consequently wdien 
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a stream, after flowing for some distance in a postglacial 
course, suddenly enters a preglaeial channel, the softer cha- 
racter of the materials it has to excavate enables it to clear 
out a wider hollow than it has carved in the solid rock of its 
postglacial course. A section across the valley at J- b, com- 
pared with one drawn fi'om G to n, shows the relative appear- 
ance of the old and new cuts. It will be noticed that not 
only are the old channels wider and sometimes deeper than 
the new- — facts which indicate, of course, a greater age — but 
also that their sides are less precipitous. This latter appear- 
ance points to th(i long-continued action of frost, which, hy 
splitting up and detaching the rocks upon a clifl* has a 
tendency to reduce all such steep river-avails to sloping 
banks ; but the gently-inclined slopes of many preglacial 
river-courses doubtless OAve much of their character to the 
grinding action of the glaciers during the Ice Age. Not a feAV 
old river-courses, hoAvever, can be shoAvn to be as steep, and 
precipitous as any Avhich have been formed since glacial 
times. 

I do not believe it Avas necessary, hoAvever, for the pre- 
servation of interglacial deposits that they should always have 
occupied a hollow or depression sheltered from the full sweep 
of the ice-floAV. The great thickness attained by the till in 
broad open loAvland districts shoAvs that over such areas there 
AA^as a tendency for the till to accumulate, probably owing to 
a diminished rate of ice-flow^ We see analogous phenomena 
in the case of a river, AYliich, as the fall of the ground lessens, 
spreads itself out, becomes sluggish, and begins to deposit 
sediment in its course. Noav, wherever the &o^v of the ice- 
sheet slackened there AAmuld necessarily be less erosive action, 
and therefore a greater chance of preglacial and interglacial 
land-surfaces bemg preserved. For the same reason Ave 
ought to find, as AA^'e approach the limits reached by the old 
confluent glaciers, that preglacial and interglacial deposits have 
suflered less erosion. When Ave come to consider the English 
and American drift accumulations ive shall meet AAuth some 
striking illustrations of the phenomena in question.* 

To the appearance presented by the deposits that fill up the 

^ See further on this subject, remarks on the preservation of the interglacial 

Forest-hed ” of the North-Western States of America, chap. sxxv. 
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buried riYer-cIiamiels, I must now direct attention. At page 
119 I liave given the details of a boring made near Larkliall, 
for the purpose of testing the position of the iinderljmig coal- 
seams. This boring and another near the same place pierce 
a great thickness of cletrital materials which I have ascertained 
occupy a former course of the Avon — the present river fiow- 
iiiQ' for a considerable distance in an entirely new chamiel 
excavated since the glacial epoch. The following figure gives 
a diagrammatic view of the choked-iip channel as it has been 
ascertained by borings. A section of the old channel, where 
it is cut by the Avon, is seen on the banks of the river near 
Fairholm House, Larkhall ; hut owing to the incoherent 
nature of the silt and sand, these beds have slid forwards with 
the overlying clays and thrown everything into confusion. It 
will be remembered that the borings prove the existence of 



Fig. 32. — Diagrarnmatic section across preglacial course of the Eiver A.von, 
iiarkhall, Lanarkshire, t, lower till ; upper till. 

two masses of till, mth intervening and underlying beds of 
silt, mud, sand, and gravel. TheloAver of these two deposits 
of till indicates the prolonged action of glacier-ice ; yet the 
beds below retain a considerable thickness, notwithstanding 
their incoherent character. At this particular place, how- 
ever, the ice-sheet crossed the gorge in which they lie at an 
angle, and hence they must needs have escaped the powerful 
erosion to which they would have been subjected had the 
path of the ice coincided with the trend of the ravine. The 
presence of 40 ft. of silt, sand, and gravel above the till 
indicates^a period of lessened cold, when the ice-sheet dis- 
appeared from this region and permitted the formation of 
such deposits. But after a time it would appear that the 
ice-sheet again overspread the country, doubtless sweeping 
out the silt, sand, and gravel from exposed positions, but 
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sparing tlieni in tlie narrow glens and gullies that intersected 
its path. 

Ill the Scottish coal-fields such old stream-courses* as I now 
describe are of common occurrence, and are locally known to 
the miners as “clay dykes'’ and “sand dykes,” according to 
the prevailing character of the material that fills them. The 
coal is often worked quite close to the side of the buried 
ravine * after which, if the nature of the dyke will aUow it, a 
mine is driven through the clay and sand, until the opposite 
face of the old glen is reached and the coal-seam found 
again. vSometirnes, however, the dyke is charged with soft 
mud and running sand, and then it becomes impossible to 
mine, and a new pit must be sunk on the further side of the 
channel to get out the coal. Many accidents have happened 
from the breaking in of sand and mud into the pit-ivorkings, 
when coal has been taken out too close to the dyke. 

A very good example of such a dyke, or buried stream- 
course, was exposed in the cutting made for the railway 
between Edinburgh and Holytown, quite close to the little 
village of Cleland, Lanarkshire. The cutting intersected the 
channel at right angles to its course, and thus a beautiful 
section of the old ravine, and the materials that choke it up, 
was obtained, t But the face of the cutting is now so 
“ dressed,” that the precise succession of the drift-beds cannot 
be readily deciphered There cannot be a doubt, however, 
that a thick mass of till occupies the highest position, with 
beds of gravel and sand coming in below. The same old 
ravine is intersected by the Calder Water a little to the west 
of Wishaw House, where, however, the trees and brushwood 
somewhat obscure it. 

It is remarkable that in the same neighbourhood there is 
another buried stream-course, which runs for a short distance 
parallel to the last-mentioned one, and is in like manner cut 

* For notices of some of these see Mr. Milne Home’s Memoir on the Mid’- 
Lothian Coal-Field; A. Geikie On the Glacial Drift of Scotland,” Trans. Ceol. 
Boc. Glas. ; yoL i. pfc. 2; Quart. Jour. Geol. Boc., vol. v. p. 20; 3Iem, Gedl. Burv, 

Bcotland)^ p. 50 ; also ’IZ.Bcotlandj-^. 42; Geological il. p. 38. 

There are many “ dry valleys ” in Scotland which evidently date hack to pre- 
giacial times ; they usnaily contain drift of some Mud, hut sometimes they do 
not. See a notice of some of these in Mem. Geol. Burv. (33 Bmtland)^ p. 63. 

t See a paper by Mr, E. Dick, Trans. Geol. Boc, Fdin.y yoI, i. p. 345; Mr. 
Dick seems to have thought that this buried channel and the one referred to in 
the next paragraph were one and the same. 
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across by the present course of the Calder. It is well exposed 
on the banks of this stream a little below Goltness bridge, 
upon the side of the road leading from Wishaw. Both buried 
channels are filled with similar materials, chiefly sand with a 
I little gravel — the whole being covered 

with till The coal-workings, which are 
very extensive in the district, enabled 
me, while carrying on the Geological Sur- 
vey, to trace out all the windings of these 
remarkable sand-troughs ; and by con- 
necting the information thus obtained 
1 1 -i with what I was able to gather from 
So.g natural sections, it became evident that 
considerable changes had taken place in 
the drainage-system of the neighbourhood 
since glacial times. The Tillon Burn, 
which is now a tributary of the Calder, was 
formerly an independent stream ; while 
the Calder Water has forsaken its old 
channelj and at present flows for some 
distance in an entirely new course, after 
which it breaks into and continues along 
the preglacial or interglacial course of the 
Tillon Burn.* 

I shall only refer to another example 
of preglacial and interglacial water- 
courses.t This buried course has been 
traced from Kilsyth to Grangemouth, on 
the Forth, -where it enters that estuary 
at the great depth of 260 ft. below the 
present sea-level. No trace or indication 
of the buried river-channel shows at the 
surface of the ground, and its existence 
would probably never have been dis- 
covered had it not been for the nume- 
rous borings and pits which have pierced 
it, for it cuts right through the coal-strata of that district. 
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^ See G-eol Survey Map of Scotland, Sheet 23. 

t This “ channel ” is described by Dr. Croll in Trans, Qeol JSoe, Min,, yoI.L 
p, 330. See p. 
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The nature of the deposits that fill up the old river-ravine is 
shown in the following section : * 


Bobing keae Towxcuoft Farm, Gkaxgemoeth. 


Upper Priffc. 


Lower Drift. 


Surface sand . . ' . . . , . 6 

Blue mud . . . . . . . JJ 

Shell bed . , , . . 1 

j Gravel. . . . .... . . 2 

Bliieimid . . ... , . 8 

Gravel . . . . . . . . 3 

Blue muddy sand . . . . . , 15 

> Bed clay . 40 

r Blue till and stones 20 

I Sand 20 

Hard blue till and stones .... 24 

Sand . . , . . . . . . 2 

Hard blue till and stones .... 40 

Sand 7 

L Hard blue till 24 
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We shall return to a consideration of these old i^reglacial 
river-courses when we come to treat of the sujiei'ficial 
deposits of England ; for there are certain inferences to be 
drawn from them which the reader will better appreciate 
after he has had an opportunity of examining the evidence 
furnished by the English drifts. At present our chief study 
is to ascertain if we can the origin of the deposits which 
choke up the old channels, but w^e shall have something 
more to say about the channels themselves when we are 
discussing the question of the preglacial condition of Britain. 

* See J. Bennie’s Surface Geology of the District Around Glasgow,” Trans. 
G&ol. Soc. Glas.j vol. iii. part i. 
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BEBS SUBJACENT TO ANB INTEECALATEB WITH THE SCOTTISH 
TILL — Continued. 

stratified deposits passed fhroiigli in borings. — Probably in most cases of fresb- 
•water origin. — Old lake at Neidpatb, Peebles. — Lakes of interglacial^ periods. 
— ^Borings near New Kilpatrick. — Preglacial valley of tbe river Kelvin. ‘— 
Origin of tbe deposits occupying that buried river-course. — ^Valley between 
Johnstone and Dairy. — Flat lands between Kilpatrick Hills and Paisley. — 
Condition of tbe country in preglacial times. — ^Leven Valley glacier. — 
Ancient glacial lake. — Succession of events during recurrent cold and warm 
periods. 

TT will be observed that while the hollo ws''^"* in which these 
deposits occur have been described as old river-courses, 
yet nothing has been said as to the origin of the deposits 
themselves. Of the nature of the overlying till which is 
seen at the surface in some of the examples cited, there can 
he no doubt ; but it may be objected that since we do not 
always see the intercalated and subjacent stony clays, we cannot 
he sure as to *their character. Might not they he something 
else than glacial deposits ? To this it may be answ^ered that 
we know of no stony clay in Scotland which is not of glacial 
origin. If the succession of strata disclosed by artificial 
borings were altogether peculiar and abnormal, we might 
have good reason for disregarding them ; at all events, we 
could hardly be justified in drawing conclusions from them. 
But such successions are neither peculiar nor abnormal ; on 
the contrary, similar sections occur at the surface -which 

♦ Similar pregladai river-courses are known to occur in other countries. An 
excellent example has been traced out in tbe underground workings of tbe 
Durbam coal-fields, by Messrs. Nicholas Wood and B. F. Boyd {British Assooia- 
tion Meports for 1863, p. 89 ; Geologist^ 1863, p. 384). Tbe buried river-courses 
of North America are also familiar instances. Professor Hitchcock has described 
these as ** antediluvian^ river-beds ; that is to say, beds of rivers that existed 
before tbe glacial period in North America. Logs and fragments of wood 
are often got at great depths in tbe buried gorges (“Illustrations of Surface 
Geology/' Smithsonian Oontrihitions). Professor Newberry and others have 
more recently given interesting accounts of tbe like phenomena. See Geol, Stirv, 
^ vol. ii. chap. xsx. 
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answer precisely in cliaracter to tlie accumulations passed 
tlirougli by the boring-rods. In the oj>en»air sections the 
intercalated stony days are true till, and the stony clays in 
the deep bore-holes must be till, or at all events, deposits 
having a glacial origin. 

With regard to the aqueous strata which are associated 
with the stony clays, the almost total absence of fossils 
makes it in many cases difficult to decide whether they are 
of fresh-water or marine origin. In some cases, at low 
levels, it is not unlikely that they are partly one, partly the 
other. It must be admitted, however, that the absence of 
organic remains tells more against a marine than a fresh- 
water origin for the mud, sand, and silt that fill up the 
buried channels and hollows. It is unfortunate that a 
greater number of these should not have been exposed to 
tlie light of day ; nevertheless, enough perhaps are actually 
exhibited to enable us to form a correct idea of those whose 
existence is only revealed to us by borings and pit-workings. 
The opinion to which I incline is that the aqueous beds now 
filling up tbe old hollows and depressions of the land are in 
large measure of fresh-water origin (not by any means 
exclusively so) ; but if tbis be so, it seems certain that 
they cannot all have been laid down in the old ravines and 
valleys under conditions like those now obtaining in similar 
water-courses and depressions. No geologist would be 
inclined to admit that the great depths of fine sand, silt, 
and mud, which occupy the buried hollows, could possibly 
have been deposited by such streams as no^v flow in like 
places. 

In many cases tbe deep aqueous drifts, as exposed in open 
section, have more of a lacustrine character than anything 
else. This was well seen in the section at Neidpatli Tunnel, 
briefly described on page 123. The stratified beds in that 
locality appear to have been once very extensive — traces of 
tbe same deposits having been found in and below the till 
for some distance up the valley of the Tweed. At Neidpath 
there was a depth of from 40 to 50 ft. exposed, and the 
bottom -was not seen. The beds partook of fluviatile and 
lacustrine cliaracters (chiefly the latter), and apj)ear to have 
been deposited in a lake-like expansion of the Tweed, at a 
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time wiien that river flowed, not by its present course, but 
round by the back of Cadeniuir Hill The accompanying 
sketch"map (Plate Y.) will serve to render this intelligible. 

It will be seen that from Gadeiiiiiir Farm to Boiinington 
there extends a broad flat hollow, the bottom of which at its 
highest level is only some 100 ft. or so above the bed of the 
Tweed at Neidpath, Were the narrow glen at this latter 
place to be filled up, the Tweed would be dammed back, a 
lake would be formed, and thereafter both the Tweed and its 
affluent, the Manor Water, would flow round by the Gade- 
muir hollow. That such actually -was the course of one or 
both tli^e streams at a comparatively recent geological date 
is proved by the fact that the Gademiiir hollow is paved 
with river gravel, which could have come from no other 
source. 

An examination of the present and the former course of 
the Tweed and the surrounding drift phenomena led me to 
conclude that the ‘'gutta-percha clays’* of the Neidpath 
section were deposited at a time anterior to the cutting-out 
of the Neidpath glen by the river ; that, in short, the Tw-eed 
during preglacial and interglacial periods flowed by the 
Cademuir hollow ; and that Neidpath glen has been to some 
extent at least hollowed out since the final disappearance of 
the ice-sheets. The alterations of surface brought about by 
the massive glacier that cut through the gutta-percha clays 
and deposited the tumultuous mass of till above them, and 
the modifications of level induced by denudation in later 
glacial times, eventually compelled the Tweed to leave its old 
course and take the more direct route by Neidpath. 

The occurrence of preglacial and interglacial lacustrine 
beds in the river- valleys is only what one might have reason- 
ably anticipated. Whenever the ice-sheets retired an irre- 
gular surface of glacial drift would be exposed, in the hollows 
and depressions of Avhich lakes and pools would gather. 
Nay, in some cases the mouths of small lateral valleys would 
be closed up with drift, and thus, streams being dammed 
back, sheets of water would be formed in which fine sedi- 
ments would accumulate. In like manner the retiring 
glaciers themselves would not infrequently become barriers to 
the drainage of small lateral valleys, and in this way produce 
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trae glacial lakes. Hence we need not be surprised at tbe 
frequent appearance of old lacustrine beds in tbe valleys. It 
would be miicli more surprising if tbey did not occur. 

It is well known that in the valley of the Kelvin, near 
Hew Kilpatrick, a number of borings prove the existence in 
that district of a very great depth of superficial deposits. 
Two examples"' of these borings may be given ; they are 
.as follows 


Sandy clay ^ . 






Ft. Ina. 
5 0 

Brown clay' a.nd stones 






17 

0 

Mud 






15 

0 

Sandy mud 






31 

0 

Sand and gravel . 






28 

0 

Sandy, clay and gravel 






17 

0 

Sand 






5 

0 

Mud 






6 

0 

Sand 






14 

0 

Gravel .... 






30 

0 

Brown sandy clay and stones 






30 

0 

Hard red gravel " . 






4 

6 

Light mud and sand . 






1 

8 

Light clay and stones . 






6 

6 

Light clay and w'hin block 






26 

0 

Fine sandy mud 






36 

0 

Brown clay, gravel and stones 






14 

4 

Dark clay and stones . 






68 

0 


357 0 


AifOTHEE Boring in the same Keighboeehood gaye — 


Muddy sand and stones 4 0 

Soft mud .46 

Sand and gravel . . . . . . . . 45 0 

Sandy mud and stones 20 6 

Sandy gravel and mud 52 4 

Brown clay and stones . . . . . . 25 0 

Sand and gravel 6 0 

Brown sandy clav and stones 12 0 

Sand . . 2 0 

Brown sand)? clay and stones 4 0 

Mud and sand 15 9 

Sand and blue clay and stones . ... .79 


200 4 


Dr. Croll has suggested that these deep drifts may occupy 
a preglacial bed of the KelTin. If so, then this ancient 
buried channel must enter the Clyde at a depth of more 


* For these and other borings, see Mr. Bennie’s 
vol. iii* p, 133. 


paper, Trans. GeoL Soc,\ Glas.^ 
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tlian 200 ft. below the present sea-level There is notlimg 
abnormal in this. It has akeacly been mentioned that an 
old buried river-channel enters the Forth near Grangemouth 
at a depth of at least 260 ft. below the sea ; from which we 
must infer that at some period anterior to the filling-up of 
that channel the land stood at least 260 ft. higher than the 
present datum-line. In a subsequent page I shall ha-ve 
occasion to point out that the great sea-lochs of the western 
coasts are merely submerged land- valleys. Indeed, if we 
could but remove the superficial deposits from the surface of 
the Lowlands there can be no doubt that the sea wwild also 
reach a great way into the heart of these districts, pene- 
trating sometimes for many miles by such valleys as that 
of the Clyde, the Ayr, the Stinchar, the Tweed, and other 
rivers. 

Of all these valleys that of the Clyde has yielded the 
greatest depth of -superficial accumulations — these deposits 
reaching, in at least one place, the excessive thiclmess of 357 
feet. No one can glance over the borer’s sections given 
above without feeling assured that, whether or not the gravels, 
sands, and muds occupy a buried river- valley, they at least 
could not have accumulated underneath a river — they are 
either estuarine, lacustrine, or marine, or finally they may 
partake of a mixed character, and be partly of fresh-water 
and partly of marine origin. Their general resemblance to 
similar deposits exposed in other districts would incline me 
to consider them as for the most part of lacustrine origin, 
and an examination of the physical features of the district 
certainly tends to support this suggestion. As the question 
is an interesting one, it may be *well to consider it in detail* 

Those who have travelled from Glasgow by Paisley and 
Johnstone into Ayrshire will remember that the railway in 
its course towards the latter place skirts the base of some 
rising ground which towards the south slopes up to form 
what we may call for ivant of a general name, the Paisley 

^ Mr. D. Bell has advanced an explanation of these intercalated beds some- 
•what similar to that given in the text. He speculates on the damming-up of the 
Clyde at Bowling, the consequent formation of a lake, and the egress of the 
waters by Bochwinnoeh and Dairy (Tram. Geol tSoc. Glas., vol. iv. p. 66). Mr. 
Bell’s views and mine were arrived at independently; but since his have the 
priority of publication, he is justly entitled to claim the “ copyright ’ ^ of the glacial 
lake described in the text. 





BEDS ACCOMBANTING SCOTTISH TILL. 


147 


Hills. From the base, of these hills a wide stretch of flat or 
gently-undulating country extends northwards to the foot of 
the Kilpatrick Hills, and westwards until it abuts upon the 
lower slopes of the Kilbarchan Hills. On north, south, and 
west, then, this plain is encircled by a screen of hilly ground. 
The screen, however, is breached in two places : at Bowling 
by the Clyde, and at Johnstone by the Black Cart Water, 
From Johnstone the railway runs up the valley of this water, 
passing Castle Semple Loch, Barr Loch (now drained) and 
Ehlbirnie Loch, beyond which it follows the same hollow 
through the hills to the low grounds south of Dairy. The 
surface of Kilbirnie Loch is very nearly on the same level as 
that of Castle Semple Loch, but there is a sluggish flow of 
water from the former to the latter. The head of Kilbirnie 
Loch, then, we may take as the watershed between the Black 
Cart Water and the streams that drain along the same hollow 
towards the south-west. But any one who examines the 
ground will have no difficulty in concluding that this long 
hollow has not been excavated by the streams that now flow 
in different directions along its bottom. They are quite 
inadequate. The whole appearance of the valley suggests 
strongly the idea of an old water-course that once drained 
along its whole extent from the north-east. That is to say 
that at some former period a river flowed from the valley of 
the Clyde across what is now the watershed of the Black Cart 
Water, and so on south-west into Ayrshire. This no doubt 
does at first sight seem an impossibility, but that it actually 
must have happened I shall now try to show. 

Let me ask my reader to carry his mind back to the pre- 
glacial period — to that far distant past before ice and snow 
filled the valleys, and ere yet any accumulation of glacial 
deposits covered the surface of the country. In those days 
the Clyde and its affluents certainly flowed at a considerably 
lower level than they do now. Could we clear away all the 
superficial deposits that rest in the basin of the Clyde between 
Glasgow and the sea, we should find, not as at present the 
broad undulating plain that stretches from the base of the 
Kilpatrick Hills to the heights behind Paisley, but a deep 
valley dotted with rocky knolls and ridges. We should find 
also that at least one deep lateral valley, carrying the 
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drainage of ttie Campsie and Ivil|)atrick Hills, entered that 
of the Clyde from the north-east. The bed of the preglacial 
Clyde at or near Bowling must lie buried at a depth of more 
than two hundred feet below the level of the sea. Even at 
Glasgow the old channel of the river is not less than eighty 
feet under the same datum-line.'"' Now when the river was 
flowing at these levels it need hardly be said that the land 
must have stood relatively higher than it does now ; at all 
events it is certain that our shores extended much farther 
out to sea. 

Let us, then, conceive that while the Clyde valley is in 
the state I have described, glacial conditions of climate super- 
vene, that snow and ice begin to thicken in the mountain- 
valleys, and great glaciers to creep out and deploy upon the 
low grounds. One immense stream of ice fills up Loch 
Lomond (or the place where Loch Lomond was afterwards to 
be), and flowing onwards through the vale of the Leven, 
advances across the bed of the Clyde until it abuts upon the 
opposite slopes of the Kilbarchan Hills. This invasion 
results of course in damming back the Clyde, and a lake 
accumulates over the low grounds which are encircled by 
the Kilpatrick, Kilbarchan, and Paisley Hills. But as the 
Clyde continues to flow and the surface of the lake to rise, 
the ivater must eventually find a channel of escape. Now 
supposing the valley of the Black Cart Water to have existed 
at this time, it is evident that as the lake rose it would 
penetrate this valley until it reached the watershed, over 
which a river would pour south-westward into Ayrshire. It 
is highly probable, however, that the great hollow now occu- 
pied by Kilbirnie and Castle Semple Lochs and the Black 
Cart was not so strongly pronounced in preglacial times. Be 
this, however, as it may, it is evident that the old Clyde, 
swollen in summer-time by melting ice and snow, must have 

* In a series of borings made for the Clyde Trustees at Kavisbank Quay the 
rock was attained at 70*48 ft., 77*60 ft., and 80*23 ft. below high water mark 
in three bores respectively. At Stohcross, on the opposite hank of the river, 
the borings, at a distance of two or three hundred feet from the water, reached 
the rock 5: a nearly similar depth from the same datum line. But when the 
borings were continued at the distance of a few hundred feet farther from the 
river, the rock-head appeared at a less depth from the surface. The superficial 
deposits were thus shown to thin off towards the north, but they did so in a very 
irregular manner. For these details I am indebted to the kindness of Mr. I)eas, 
Mem. Inst. O.E., Engineer to the Clyde Trust. 
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swept tliroiigli the notcli or breacli * in the hills with great 
force, and this condition of things continuing for a long 
period, as it must have done, the hollow along wdiich the 
water flowed would be widened and deepened. But before 
the river had commenced to widen and deepen this secondary 
course, the lake from wdiich it flowed would cover a large 
tract of country and stretch along the base of the Kilpatrick 
Hills as far at least as Kilsyth. In this manner the old 
lateral valley mentioned above as being probably the pre- 
glacial channel of the Kelvin would be completely sub- 
merged, and so also would be the bed of the Clyde up to 
and beyond Glasgow. 

The area covered by the lake would then necessarily 
become an area of deposition. Gravel, sand, mud, and silt 
would accumulate uj)on the bottom, the finer sediments 
settling down in the deeper parts, and thus all the drowned 
river ravines would have a tendency to silt up. The process 
■would be a gradual one, and sometimes it might even be 
interrupted by some local recession of the Leven glacier, 
which would lower the surface of the great glacial lake and 
allow the streams to re-excavate a portion of their beds. 
But these and other obvious considerations I need not stop 
to point out. 

Let us now further conceive that the arctic cold continues 
to increase, that the snow and ice grow in depth and breadth 
until even the Kilpatrick and Gampsie Hills are overflow^ed 
by massive confluent glaciers descending from the Highlands, 
and the whole of the great central valley of Scotland — the 
broad lowland country’ — is brimful of ice, forming one wide 
and far-stretching mer de glace. The effect produced in the 
old lake-bed of the Clyde basin by such an advance of the 
glaciers would no doubt be most destructive. Over broad 
areas the soft and incoherent masses of sand, mud, gravel, 
&c., which had gathered upon the bottom of the old lake 
w^ould be ploughed up and intermingled with the other ddbris 
continually gathering and being pushed onward underneath 
the ice-sheet. But it might well be that in deeper hollows 

^ TUe reader will, perhaps, understand my meaning tetter, if I merely state 
here that the work I conceive to have been done hy the Clyde was simply the 
denudation, or wearing away, of the col between two valleys, and the subsequent 
deepening and widening of those valleys. 
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and in siicli ravines as intersected tlie path of the ice, some 
portions of the lake deposits might escape and receive a 
covering or cap of ground-moraine or till. 

But a glance at the borings” given above (pp. 141, 145) 
will show that the buried hollows and ravines may contain 
more than one stony clay, separated by considerable depths 
of aqueous deposits. These stony clays probably indicate 
just so many incursions of the ice-sheet; the intermediate 
beds of silt, sand, and gravel,^ may point on the other hand 
to periods when the ice vanished from the low grounds and 
crept back to the mountain-valleys. Every time the Leven 
glacier advanced and choked up the Clyde valley, a lake 
would form over the region under review, and fresh-water 
beds would be deposited ; every time the ice-sheet covered 
the whole country fresh masses of stony clay would accumu- 
late in protected hollows and ravines ; every time the ice- 
sheet retired the lake ivould reappear, until the Leven glacier 
finally drew back from the valley of the Clyde. It is there- 
fore unnecessary to call in the aid of the sea to explain for 
us the occurrence of those beds of gravel, sand, and mud 
which are intercalated with the stony clays in the buried 
valleys and depressions of the Clyde basin. 

I have spoken of the outlet of the ancient glacial lake of 
the Clyde having been by the valleys of the Black Cart and 
the Rye. It is quite possible, however, and even highly 
probable, that the discharge at some periods may have been 
to the north-east by Kilsyth into the basin of the Forth. In 
attempting to restore the physiography of the land during 
successive stages of the glacial epoch, we have to bear in 
mind that after every descent of the glaciers very consider- 
able changes would be effected here and there upon the 
configuration of the ground. In one place the level would be 
lowered by the abstraction of rock — in another it would be 
raised by the accumulation of superficial deposits. And it 
might quite well be that, owing to some such changes, the 
Clyde lake might during certain interglacial periods drain 
into the Forth — ^for even now the difference of height be- 

« The thinner intercalated beds of sand, &c., may of course form part and 
parcel of the till itself : it is only the very thick intercalated deposits ’which, in a 
case of this kind, -where the beds are not actually seen, we should feel inclined to 
consider as of interglacial age. 
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tween tlie watershed at Kilsyth, and that of the Black Cart 
is only some fifty feet or so/"“ 

The actual certainty that such great disturbances of the 
drainage-system must have taken place during the glacial 
epoch has not received so much attention from glacialists as 
it deserves. Yet no one ’who gives the subject any considera- 
tion can fail to see how disturbances of the kind must have 
occurred in many other valleys besides that which I have 
selected for illustration. Long before the land-ice increased 
to such an extent as to overflow the Kilpatrick Hills, the 
Campsies, and the Ochils, many of the streams that drained 
into the Forth must have been dammed back by the great 
glacier which occupied the principal valley, and which in all 
likelihood extended many miles below Stirling, before the 
hills referred to were overtopped and buried. In attempting 
to read the records of the glacial epoch such considerations 
as these ought not to escape us ; had they alwaj^s been fully 
realised perhaps we should have been less liable to set down 


* Dr. Croll [Climate and Time, p. 485) does not agree mtli me that the inter- 
glacial beds in the buried channel of the Kehun are fresh-water, because they closely 
resemble the similar intercalated deposits met with in the preglacial valley that 
extends from Kilsyth to Grangemouth (see above, p. 141), which he believes are 
marine. I might answer that mere similarity of the deposits does not prove simi- 
larity of origin. The intercalated beds in the buried course of the Kelvin might be 
fresh- water, even although it could be demonstrated that those in the old ravine 
between Kilsyth and Grangemouth are marine. I still hold, therefore, that the 
physical evidence, so far as it goes, decidedly favours the views expressed above. 
In tbe former edition of this work 1 gave no opinion as to the origin of the aqueous 
deposits in the buried channel at Grangemouth. It is evident, however, that 
some are of Lower and some of Upper Drift age. All the deposits from the 
surface clown to tbe bottom of the “ Bed clay ” are marine, and of later date 
than the till, and their average thickness is not less, as Dr. Croll states, than 85 ft., 
and in some cases 100 ft. With these, therefore, we have nothing at present to 
do — they are quite beside the question. The fact of their being marine throws 
no light whatever upon the origin of the aqueous beds intercalated with the 
underlying till. I see no reason, however, for believing the latter to he marine ; 
they are more likely to be fresh-water, and were probably formed in the same 
way as the interglacial beds of the old Kelvin valley. D.r. CroU’s chief objection 
to the fresh-water origin of the beds in question is the great depth from the 
surface at which they occur ; he thinks that if we hold this belief we are forced 
to assume, ‘‘ not that the water formed by the melted ice was dammed hack, hut 
that the sea itself was dammed back, and that by a wall extending to not less 
than 200 to 300 ft., so as to allow of a lake being formed in which the deposits 
might accumulate ; assuming, of cour&e, that the absolute level of the land was the 
same then as it is nowJ^ But this is what we are hardly entitled to assume ; for not 
only have we no proof that the relative level of sea and land was the same then 
as it is now, but all tbe evidence goes to show that during the Ice Age there were 
frequent oscillations of level, and if the land stood in certain glacial and inter- 
glacial times only 200 or 300 ft. above its present level, as there are many reasons 
for believing it did, then Dr. Croh’s objection has no force. 
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eTery thick bed of interglacial silt, sand, or gravel, to the 
action of the sea/"* 

It is quite certain, however, that marine deposits do some- 
times occur intercalated among true morainic accumulations, 
and to these we shall refer presently. Meanwliile I must 
direct attention to some examples of interglacial fresh-water 
deposits which have already been briefly described. 


♦ I am reminded here of those deposits of sand and gravel covered witli 
morainic debris, that oceirr abundantly in the low grounds of Switzerland, and 
which geologists have shown to he of fresh-water origin, but which, had they 
occurred in similar positions in our country, some of us might have had smaU 
hesitation in assigning to the action of the sea, so difficult is it for a speculative 
islander to escape the inflluenee of his geographical position. 
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BEDS SUBJACENT TO AND INTERCALATED WITH THE SCOTTISH 
TILL — Continued. 

Interglacial deposits of thel Leithen Yadey, Peeblessliire.— Other examples of 
similar deposits. — Crofthead interglacial beds. — Climatic conditions of 
Scotland during interglacial ages. — Fragmentary nature of the evidence 
not conclusive as to the climate never having been positively mild. — ^Till at 
surface chiefly “ upper.” — “Striated pavements.” — Fossils in till. — Duration 
of glacial and interglacial periods. 

A T page 124 Fig. 27 shows certain stratified deposits of 
gravel, sand, and clay, which betray all the usual cha- 
racteristics of river detritus. They rest, as •will be observed, 
upon a very uneven surface of till, and show a considerable 
degree of confusion. The Leithen (Peeblesshire), on the 
banks of which they occur, flows in one of those deep, 
narrow, but softly-outlined valleys that form so familiar a 
feature in the Southern Uplands. The stream has its source 
at a height of 1,750 ft. above the sea, and after a course of 
nine miles joins the Tweed, at Innerleithen, some 600 ft. 
above the same level. Its drainage-area does not exceed 
22 square miles ; its watershed, however, attains a height of 
upwards of 2,000 ft, and the highest point in this hilly tract 
of south-eastern Scotland is only some 750 ft higher. The 
significance of these details will appear presently. 

Both lower and upper masses of till shown in the section, 
are crammed with well-striated stones and boulders, and are 
in all respects typical deposits — -the upper bed, however, 
being somewhat less tough and compact than the lower. 
From what has been said in regard to the origin of till, it is 
quite clear that at the time the lower mass ■was being accu- 
mulated, the whole drainage-area of the Leithen must have 
been filled with ice to overflowing. And not only so, but 
the same must have been the case with all the valleys in the 
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SoTitlierii Uplands. Tliis follows, as a matter of course, as 
any one may conyince Mmself, by studying tbe Ordnance 
Survey maps of the region under review. It is quite incon- 
ceivable that the Leithen valley, which is by no means one 
of the highest in that district, should alone have been filled 
with glacier-ice, but the presence of a deep ice-mass here 
necessarily imj)lies the like presence of large glaciers in all 
the main dales and hopes of these uplands. 

The presence of the intercalated fluviatile gravel and sand 
indicates plainly that an interruption to this arctic condition 
of things took place. Before these river deposits could be 
laid down, the ice must have vanished from the Leithen 
valley, and if such was the case with this mountain- valley, 
we are driven to conclude that the great ice-sheet could not 
then have covered any portion of the Scottish Lowlands. 
Glaciers may have lingered still in the higher valleys of the 
country, but it is obviously impossible that a great ice-sheet 
could exist while upland streams like the Leithen had freedom 
to flow. 

The aspect of the tipper deposit of till in the section testi- 
fies to the disappearance of the mild conditions under Avhich 
the river accumulations were formed, and to the return of an 
intensely arctic climate. The stones and boulders in this till 
are all well blunted, scratched, and smoothed, thus indicating 
the former presence of a depth of ice sufficient to overflow 
the heights overlooking the valley, and so to prevent the in- 
troduction of sharply angular and unpolished blocks amongst 
the glacial debris gathering underneath.^' The contortion 
and confusion of the river deposits were no doubt caused by 
the pressure of this second ice-flow. 

A similar train of reasoning applies to the sections shown 
in Figs. 26 and 28, and, therefore they need not be more 
particularly referred to. Eeferring back to Fig. 29, page 128, 
another interesting section will be seen. Here beds of clay, 
sand, silt, &c., are represented as completely enclosed in till. 
These strata showed lines and layers of peaty matter, and 
yielded, during the railway operations, an imperfect skull of 
the great urns, remains of the Irish deer and the horse, and 
other fossils. The beds are clearly of lacustrine formation, 
* See p. 67. 
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and tlieir position proves tliat after a mass of till had been 
deposited by some great ice-slieet, a milder climate ensued, 
when streams once more flowed down the valleys, and lakes 
occupied the liollows and depressions of the land, wbicb was 
clothed with vegetation and tenanted by oxen, deer, and 
horses. Finally, the presence of the overlying mass of till 
indicates that this mild period passed away, and was suc- 
ceeded by severe arctic conditions, when thick ice again 
streamed over central Scotland. 

Precisely the same inference as to change of climate is to 
be drawn from the other instances of interglacial beds with 
organic remains, mentioned at pp. 124 — 129, ; the stratified 
deposits in all these instances point to oscillations of temj)era- 
tiire — to periods when the great ice-sheet disappeared from 
the low grounds, and shrunk into a series of local glaciers 
among the mountain regions. 

But, as I have endeavoured to show, the same conclusion 
must be arrived at, even supposing the interglacial deposits 
had never yielded any organic remains whatever. These, 
however, are extremely valuable, inasmuch as they enable us 
more fully to realise the nature of those physical conditions 
that characterised the interglacial periods. Combining the 
evidence we learn that not only did the great ice-sheet some- 
times retire from the low grounds, and give place to lakes 
and streams and rivers, but also that, during such periods of 
milder conditions, a vegetation like that of cold temperate 
regions clothed the more open moors and valleys with grasses 
and heaths, the sheltered hollows with hazel, and the hill- 
sides with birch and pine. Keindeer wandered across the 
country, while herds of the great urns, the horse, the 
Irish deer, and the woolly-coated mammoth frequented the 
grassy vales. If one might draw conclusions from the aspect 
of the few fossil remains disinterred from the deposits in the 
till, he might compare Scotland during the interglacial periods 
to that tract of country which extends along the extreme 
southern limits of the Barren Grounds of North America — 
a region where a few firs and other hardy trees cover the 
drier slopes, and where carices and grasses grow luxuriantly 
enough in the sheltered valleys — those favourite breeding- 
places of the reindeer, which roam over the dreary deserts to 
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tlie nortli. Wlietlier during any of tlie interglacial periods tlie 
climate was ever mild enough to melt away all tlie ice and 
snow from the highland valleys, the record does not say 
What positive evidence we have points rather to the existence 
of local glaciers in the higher valleys — to moderate summers 
and severe winters — during such interglacial periods as we 
have any certain records of. 

And yet ive might be committing a grave error were ive to 
assume that Scotland, during interglacial times, never en- 
joyed milder conditions than now obtain in the forest regions 
and barrens of North America. We must ever bear in mind 
that the interglacial deposits are the veriest fragments. They 
have been preserved, for the most part, only in sheltered 
hollows from the ravages of the great ice-plough ; and the 
interrupted and patchy portions that remain are mere wrecks 
of what must once have been, in the broader valleys,' wide- 
spread and continuous deposits. Every renewed descent of 
the glaciers upon the low grounds would tend to effect the 
removal of these accumulations ; and it may well be that of 
several interglacial periods, not a single representative deposit 
now remains. Even during the interglacial periods them- 
selves, the streams and rivers '^vould help to clear away and 
redistribute those beds of sand, gravel, and silt which the 
glaciers had spared — ^just as in our own day the streams are 
gradually excavating and washing away the materials that fill 
i: up old preglacial and interglacial ravines and watercourses, 

i Moreover, we must not foi^get that if really warm climates 

I ever did supervene during interglacial times, every such warm 

; period must have been followed successively by temperate, 

: cold-temperate, and arctic conditions \ and these last would 

consequently be the most fully represented of the series. 

; The reader will now appreciate what was meant when I 

' stated, at the beginning of Chapter XL, that much, if not 

most, of the till now lying at the surface of the ground is not 
the oldest accumulation of the kind. For it is clear that a 
great proportion of the till that was formed during the first 
and earliest cold periods would be ploughed out by subsequent 
I ice-sheets, while much of it would be so modified and re- 

arranged as to become practically a newer till. Here and 
there, however, the older till has been preserved, and gene- 
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rally sliows, iinclemeatli interglcial deposits and superincum- 
bent till, a worn bummocky surface. Sometimes, indeed, we 
may observe lio w the hard tough old till has resisted the erosive 
action of the latest ice-sheet, just as well as if it had been 
a solid rock. The later ice has ground over its surface, 
scratching each projecting stone and boulder, and producing 
what we now know as a ^'striated pavement.’’ And I am 
not sure but that the appearance of these pavements,” to any 
one who carefully weighs the evidence, is just as eloquent of 
great climatic changes as the actual occurrence of interglacial 
beds. 

It is also highly probable that the isolated elephant 
tusks, reindeer horns, bones, and fragments of oak and 
other trees which occur here and there like boulders in the 
heart of a mass of till, really belong to interglacial rather than 
preglacial times. For it is evident that the till containing 
these remains, which occurs at the actual surface of the 
ground, is more likely to have been laid down during one of 
the latest ice-periods, if not during the very last great exten- 
sion of the glaciers, than to have been the product of the 
first ice-sheet. And consequently it seems most reasonable 
to infer, that the scattered organic remains referred to are 
relics of that interglacial era which preceded the advent of 
the last period of confluent glaciers. 

So far as the Scottish glacial drifts are concerned, it is 
clear there is no evidence to show that the interglacial periods 
might not have been warm enough at times to cause all the 
ice and snow to disappear from the country. Whether we 
shall ever obtain any decisive evidence on this head will pro- 
bably depend upon the assiduity with which the interglacial 
deposits are examined. The till was for many years looked 
upon as a deposit destitute of all traces of life, and only a few 
hammerers continued, Micawber-like, to hope for something 
turping up, I believe that mammalian remains have been 
ofteiier obtained from the beds in the till during shaft-sinking 
and other mining operations than geologists are aware of. 
While carrying on the Geological Survey of the Scottish coal- 
fields, I have frequently heard of bones” and ‘^horn^” 
having been met with by the workmen in sinking through 
the deep drifts. These relics, unfortunately, have almost 
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invariably been lost or mislaid, but there can be little doubt, 
from the descriptions that were given to me by intelligent 
overseers, that the relics were true fossils, and still less doubt 
that these fossils were obtained, not in recent alluvial but in 
glacial deposits. 

We may, perhaps, never learn how many great changes of 
climate took place during the accumulation of the till and 
its associated deposits. This arises from the fact, already 
adverted to, that during every period of intensest cold, when 
the country was covered with a more or less thick sheet of 
snow and ice, the loose materials, which in the preceding age 
had gathered in river- valleys and in lakes, would almost 
inevitably be subjected to excessive denudation. That the 
records of mild interglacial periods should be at the best but 
fragmentary, is no more than one might have expected. The 
wonder is not that they should be so interrupted, but that 
any portion whatever has been spared. Owing to this inter- 
rupted mode of occurrence it is obviously impossible to corre- 
late them, bed mth bed. The interglacial deposits in one 
place may or may not be contemiooraneous with the similar 
accumulations in some other locality. There were more 
changes than one dining the formation of the lower drifts ; 
and hence, in the case of isolated interglacial beds, we can 
seldom tell whether they ought to be referred to an earlier or a 
later stage of that period. 

The disappearance of a mer de glace, which in the Low- 
lands of Scotland attained a thickness of nearer 3,000 ft. 
than 2,000 ft., could only be effected by a very considerable 
change of climate. Nor, when one fully considers all sides of 
the question, does it appear unreasonable to infer that the 
comparatively mild and genial periods, of which the inter- 
glacial beds are memorials, may have endured as long as 
those arctic or glacial conditions which preceded and followed 
them. We have a diflSculty in conceiving of the length of 
time implied in the gradual increase of that cold which, as 
the years went by, eventually buried the whole country under- 
neath one vast mer de glace. Nor can we form anjT- proper 
conception of how long a time was needed to bring about 
that other change of climate, under the influence of which, 
slowly and imperceptibly, this immense sheet of frost melted 
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away from tlie Lowlands and retired to tlie mountain recesses. 
We must allow that long ages elapsed before the warmth 
became such as to induce plants and animals to clothe and 
people the land. How vast a time, also, must have passed 
away ere the warmth reached its climax, and the temperature 
again began to cool down! How slowly, step by step, the 
ice must have crept out from the mountain fastnesses, chilling 
the air, and forcing fauna and flora to retire before it ; and 
what a long succession of years must have come and gone 
before the ice-sheet once more wrapped up the hills, oblite- 
rated the valleys, and, streaming out from the shore, usurped 
the bed of the shallow seas that flowed around our island I 
Finally, when we consider that such a succession of changes 
happened not once only, but again and again, we cannot fail 
to have some faint appreciation of the lapse of time required 
for the accumulation of the till and the interglacial deposits. 

The interglacial beds which have so far engaged our atten- 
tion are all of fresh-water origin. They occur at all levels in 
the valleys down to the neighbourhood of the sea. Indeed, 
if the intercalated beds that help to fill the buried channels 
and depressions in the lownr reaches of the Clyde basin be, 
as I have tried to show they most likely are, of fresh-w^ater 
formation, then fluviatile and lacustrine beds of interglacial 
age occur even below the present sea-level. 

In concluding what we had to say about the changes of 
climate that were likely to result from astronomical causes, 
W’e found that a full consideration of the question led us to 
infer that glacial periods lasting for thousands of years, must 
alternate -with equally prolonged periods of genial conditions, 
every time that the orbit of the earth reaches a high degree 
of eccentricity. Now, if I have succeeded in making the 
geological evidence at all clear, it must be apparent that the 
tale told by the glacial deposits strikingly confirms the truth 
of the astronomical and physical theory w^hich we considered 
in Chapter X. In the next chapter I shall proceed to describe 
other examples of interglacial deposits wdiich are somewbat 
more complicated than those already adduced, inasmuch as 
they afford distinct evidence of oscillations of the sea-level. 


CHAPTEE XV. 


BEDS SUBJACENT TO AND INTEECALATED WITH SCOTTISH 
TILL — Continued, 

Marine deposits associated -witli till at WoodMll Quarry, Kilmaurs, Ayrsiiire ; 
at Tangy Glen, CampLeltown ; at Cliapelliall, near Airdrie ; at Oakshaw Hill, 
Paisley. — Skelly till of Croftamie, near Drymenj of Caitliness j of Aber- 
deensMre ; of Berwick ; of BaHantrae, Ayrshire ; of Wigtownshire ; of Lewis. 

I T will be observed that liitberto we have done no more than 
make a brief reference to tlie occurrence of undoubted 
marine beds in and underneath the till. For tlie sake of 
clearness I have delayed considering these intercalated and 
subjacent marine deposits until now. 

The first example I select is remarkable, because it shows 
how these marine beds are occasionally associated with 

deposits which are clearly of freshwater origin. 

Below a mass of till at Woodhill Quarry, near Kilmaurs, 
Ayrshire, which precisely resembles the tumultuous stony 
clays that underlie and overlie the fresh- water beds described 
in the preceding pages, remains of mammoths and reindeer 
and certain sea shells have several times been detected 
during the quarrying operations. The first notice of these 
discoveries dates so far back as 1817, when Mr. Bald 

described^ two elephant tusks as having been got at a 

depth of seventeen and a half feet from the surface. The 

tusks lay in a horizontal position, with some small bones near 
them, and the light-brown clay in contact with the bones was 
discoloured and emitted a very unsavoury odour when turned 
over. Mr. Bald mentions that several marine shells were 
found amongst the dark-coloured earth; but as the species 
were not determined, some -doubt was subsequently expressed 
as to whether they were sea shells or not.f Since the date of 

* Memoirs of Wernerian Society, vol. iv. p. 64, 

Trans, Geoh Soe, 
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Mr. Bald's discovery, several otlier tusks (nine or ten), a por- 
tion of a molar tootk of an elephant, the korns of a reindeer, 
and remains of insects and freshwater plants have been met 
with at the same locality.”* There can be no doubt, according 
to Dr. Bryce, t that all these remains came from one and the 
same stratum— a bed of peaty clay a few inches thick, which 
occurs between two thin beds of sand and gravel that lie 
underneath a thick mass of tumultuous unstratified till. 
Messrs. J. Young and Craig have also shown? that the shells 
are restricted to the sand-bed that overlies the freshwater 
clay with its mammalian remains, and they have put beyond 
all doubt the marine character of the shells referred to by 
Mr. Bald. During the operation of sinking a coal pit about 
half a mile from the old Woodhill Quarry arctic marine shells 
were obtained from a thin bed of sand that underlay some 
fifty feet of till and other superficial deposits. The section is 
given by Messrs. Young and Craig as follows : — 

Surface drift and laoulder-clay, 50 feet. 

Sand-bed containing arctic marine shells, 1 foot 3 inches. 

Sandy peaty clay, about 1 foot. 

Coarse gravelly sand, 1 foot 6 inches. 

Carboniferous strata. 

There can be little doubt that the peaty clay and overlying 
shelly sand of this section are the same as those which were 
exposed below the till in the Woodhill Quarry; and from their 
infraposition, Messrs. Bryce, Young, and Craig have inferred 
their preglacial origin. But the results obtained during the 
examination of the ground by the Geological Survey show 
that the strata containing mammalian and molluscous remains 
really occupy an intercalated or interglacial position, and 
that the cause of their sometimes being found to rest on 
the solid rock and not upon a lower mass of till is due to the 
irregularity of the surface on which the whole of the drift 
beds have been deposited ; for where the level of the 
rock slopes down far enough it passes below the horizon of 
the stratified beds, and a lower and underlying till then 

^ Mr. J. Young, Curator of the Hunterian Museum, Glasgow, obtained seeds 
of the pond- weed (Fotamoffeton) and the aquatic Eanunculusby washing the mud 
which adhered to the reindeer’s horn and tilled the cracks of the elephant’s tusks 
which had lain in the museum for half a century. Antiquity of Mmif p. 292. 
t Quart. JouTYGeol. 8 og,^ ' 

} Trans, GeoL Soc. Glas., vol. hi. p. 310. 

M 




TEE GREAT ICE AGE, 


ibz 

makes its appearance.^ The only deposit in Scotland 'wliich 
seems entitled to the a 2 >pellation of f reglacial is that described 
by Mi, Jamieson t as occurring in the parishes of Skins and 
Crudens, on the eastern coast of Aberdeenshire. It consists 
of thick masses of sand and grayel, which are charged here 
and there with rolled and broken shells belonging to species 
which are not Imown either in Scotch glacial beds or in our 
present seas, but which occur in the Crag beds of England. 
Mr. S. V. Wood, who examined the shells obtained by Mr. 
Jamieson, was of opinion? that they are '^derivatives'' in the 
gravel, but "they clearly showed," according to him, "that 
some bed of Crag, or more probably of very early glacial age, 



had existed in the north-east of Scotland." The gravels are 
covered in many places with red boulder-clay. 

Messrs. Eobertson and Crosskey describe! a section of 
boulder-clay with underlying stratified clay as occurring in 
Tangy Glen, near Campbeltown, at a height of 130 feet above 
the sea. The till here exposed is "of the usual character, stiff’ 
compact, and full of stones, many of them distinctly striated." 
It is quite unstratified, but exhibits one of those lenticular 
beds of sand, &c., which I have already mentioned as being a 

* Mem. Geol, Sicrv. of Scotland; Explanation of Sheet' 22, p. 29. Mr. Craig 
appears, subsequently, to have changed his opinion as to the preglacial character 
of the fossiliferous beds underlying the till of ‘Woodhill Quarry ; and now, 
having found that the peaty layer of that neighbourhood is really underlaid as 
well as overlaid by till, he adopts the view of its interglacial character. See 
Trans. Geol. Soc. Glas., yoI. iv. p. 150. 

t Quart. Jour. Geol. Soc,, vol. xxi. p. 162. 

J vol. TO. p. 406. 

§ Trans, Geol. Soc. Glas.^ vol, iv. p. 184* * * § ‘‘Monograph of the Post-Tertiary 
Entomostraca of Scotland,” FalaontoffrapMcal Socwti/j vol. xxviii. 
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common enoiigli feature of tlie Scotcli till. Underneatli tlie 
boulder-clay occurs a bed of laminated clay, showing a 
hummocky and denuded surface, as represented in the 
accompanying woodcut, which I have borrowed from Messrs. 
Eobertson's and Crosskey’s paper. The underlying rock is 
not seen, but it is probable that the laminated claj- rests 
directly upon it. A few fossil shells are found in this clay, 
among which there are some of an extremely arctic character. 
A number of species of ostracodes also occur, which, accord- 
ing to Messrs. Eobertson and Crosskey, ‘Tiave much in common 
with those found in the clays on the east coast of Scotland, 
which are held to represent more arctic types than those 
generally found in the west.” 

Mr. Smith, of Jordanhill, to whom geologists are indebted 
for the first discoveiy of arctic shells in the drift deposits of 
the west of Scotland, has mentioned^ the occurrence of 
shells in a clay at Chapelhall, near Airdrie, at a height 
of 510 ft. above the sea. The shells were embedded in a 
layer of fine brick-clay, some two feet thick at most, which 
had undoubtedly formed part of an old sea-bottom. The 
clay is intercalated between an upper and a lower till. The 
upper till, which attains a thickness of fourteen feet, is not 
so hard and tough as the underlying till, nor are its included 
stones and boulders so well striated.! Neither the upper 
nor the under till contains any shells. Mr. Crosskey gives 
the height of this deposit above the sea as 526 feet. The 
same observer says the shells of the intercalated clay con- 
sisted of two species only — Tellina ccdcarea and Cyprina 
Islandica. 

Dr. Fraser has described! the occurrence at Oakshaw Hill, 
Paisley, beneath a mass of iinfossiliferous till, of a bed of 
shelly clay “with a bed of Mytilus eclidis on its surface.” 
This shelly clay is the same as that which throughout the 
whole of that district rests upon a worn and hummocky 
surface of till. 

It will be observed that in the sections hitherto adduced 
the till is described as quite iinfossiliferous, and not only so, 

* Mesearclm in Newer jPUocene Geology^ pp, 17, 141. 

t Qiiart. Jour. Geol. vol. xxi. p. 219; “Monogr. of Post-Tei*. Entomos./’ 
Jalmont. Soc., vol. xxviii, p. 

t Trana. Geol. Soc. Glas.j vol. iv. p. 180. 
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but from its unstratijSed and tumultuous diaracter tbere is 
no doubt tliat it cannot be distinguislied from mucb of the 
till that occurs in the interior of the country. We come 
now to consider certain sections in which the till differs from 
that which we have hitherto been examining : and this 
difference we shall find consists chiefly in the presence of 
broken, crushed, and striated shells, which are scattered con- 
fusedly through the mass much in the same -way as the 
stones and boulders with which they are associated. 

During the construction of the Forth and Clyde Eail- 
way an interesting section of drift was exposed at Croftamie 
(Drymen Station). The upper part of this section consisted 
of a stiff* till, twelve feet thick, beneath which came seven 
feet of a laminated blue clay which rested on broken sand- 
stone. In this underlying clay ivere found a few marine 
shells, and near its base, portions of a horn, which Professor 
Owen believed to be the antler of a young or female rein- 
deer of the existing species. My colleague, Mr. Jack, who 
geologically surveyed the district wdiere this section occurs, 
has given a very interesting account of the drift deposits.t 
The section that yielded the reindeer's horn is now tumbled 
and not well seen, but the till there exhibited is, he believes, 
the same as a remarkable de230sit of shelly till which he 
traced over a considerable area in the lower valley of the 
river Endrick, which flows into Loch Lomond at its eastern 
angle. This till does not rise to a greater height than 
320 ft. above the sea. He describes it as ''a true typical 
till, in every respect analogous to the old boulder-clay or 
till of the Lowlands of Scotland." The clay is stiff, unstra- 
tified, full of glaciated stones, and brown in colour like the 
subjacent Old Red Sandstone. But its most noteworthy 
peculiarity is the presence of worn and broken fragments 
of marine shells, wdiich are scattered irregularly through the 
clay Just in the same way as the stones and boulders. He 
believes this shelly till to be of more recent date than the 
unfossiliferous till which was formed during the greatest ex- 
tension of the ice-sheet. The shells in the Endrick till, 

* My. Biys. Soc.j Tdin., yoL i. pp. 163, 247; Trans. Geoi. Soc. Glas.^ 
vol. i. p. 70. 

t Trans. Gsol. Soe. Glas.^ yol, y, p. 5. 
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according to liim, liave been derived from a pre-existing 
I interglacial deposit, of wMcb the laminated shelly clay that 

! contained the reindeer’s horn is a fragment, 

i One of the best known examples of a shelly till is that 

which covers a large part of Caithness. This deposit has 
been described by a number of geologists, but the best 
account of it is given by Mr. Jamieson/'' It occurs scat- 
tered over all the low grounds of Caithness, appearing 
deepest in valleys and other depressions, and attaining its 
greatest thickness in the neighbourhood of the sea, along 
the shores of which it forms cliffs in many places. It is 
generally of a dull, dark leaden-grey or slate colour, and as 
a rule shows no trace of stratification. Its included stones 
and boulders are of the usual subangular blunted form, and 
! many of them are well striated. In some places stones 

I larger than one’s head are rare, while in other places large 

■ blocks, more or less ice-worn, may be observed. The matrix 
is often a more or less tough gritty clay, but not 
infrequently it becomes sandier ; and although it now and 
again preserves the former character over considerable areas 
and through a thickness of 100 ft. at least, it yet occasion- 
ally exhibits a number of irregular sandy patches, which, 

I however, do not impart a stratified apjpearance to the mass. 

Now the stones are disseminated pretty equally through the 
deposit, — again they are more or less aggregated, just as is 
I the case in typical unfossiliferous till. The stones consist 

\ principally of fragments of the so-called ‘‘Caithness flags” — 

rocks which belong to the Old Red Sandstone formation and 
of which a considerable part of Caithness is composed. But 

■ fragments of granite and mica-schist are common enough 
throughout the whole deposit, and sandstone, conglome- 
rate, and other rocks also occur. But the most remark- 

; able stones are certain fragments of oolitic rocks and chalk, 

neither of which are found in place in Caithness. Oolitic 
strata, however, are developed in a narrow strip along the 
coast ( 3 f Sutherland, but chalk is not met with anywhere in 
Scotland. Throughout this coarse tumultuous deposit occur 
I numerous broken shells, not a few of which show fine 

striations. It is not common to meet with a perfect shell, 

1 ' * Qmrf. lour* GcoL jSoc., Yol, xxii, jp. 261» 
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but one was foimd with both Talyes complete and in a fine 
state of preseiwation, and more or less perfect single valves 
are not very rare. In general, however, the shells are mere 
fragments, and are disseminated through the clay in the 
same irregular manner as the stones and boulders. It is 
noteworthy that they show a curious mixture of arctic and 
boreal and southern forms. 

Now at various places in Caithness this shelly till is found 
resting upon a dark pebbly silt, containing broken shells, 
which Mr. Jamieson thought '' looked more like an ordinary 
marine deposit '' than the stony deposit irhich has just been 
described. But he could not say that a clear sharp line 
of separation could alvrays be drawn between the stony till 
above and the pebbly silt below. Sometimes the line was 
pretty well marked, but at other times the two deposits 
seemed to graduate into each other. 

The same observer has described^ the occurrence at Inver- 
nettie, near Peterhead, of a similar mass of shelly boulder- 
clay overlying beds of sand and fine clay ; and again at 
King-Edward (Aberdeenshire) he obtained the followung 
interesting section t — the deposits being named in de- 
scending order : — 

Feet. 

1. Stratified sand and gravel (no fossils) . . . . 10 to 25 

2. Unstratified boulder-clay, with shell fragments in lower 

part . . - . . . . . . . 20 to SO 

3. Fine sand ; in some places rich in shells • . . 1 to 2 

4. Fine silt, vith whole shells, excavated to a depth of 

10 feet: bottom not reached. 

Shelly boulder-clays are commonly found in the maritime 
districts, but it is not necessary to describe every section met 
with. I shall content myself therefore wdth mentioning 
some localities where they have been seen, and thereafter we 
shall pass on to consider the occurrence of shelly clays 
which are not only covered by, but rest upon, shelly till or 
boulder-clay. 

In the sea-cliffs at Berwick some good sections may be 
observed, of which the annexed section may be taken as an 
example. At the bottom may be noted a reddish clay stuck 
full of scratched stones (t), and which, as far as I have seen, 

* op. riV., vol. xiv. p. 518. f Op. ctX, vol. zxii. p, 275. 
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contains no shells. Owing, apparently, to the. copious perco 
lation of spring-water (at iv) between it and the oyeiiying 
looser deposits, it is rendered soft and incoherent. The 
immediately superjacent bed consists of coarse bouldery 
shingle, in a sandy clay matrix {g). The stones look water- 
worn, but are more or less angular and blunted, and some 
are striated. The base of this shingle-bed is not well seen, 
and consequently the junction-line between it and the till is 
not distinctly visible. This arises from the action of the 
springs, which are continually producing little slips of the 
bank. Overlying the coarse shingle occurs a dark reddish 



Fig. 35. — Section seen in sea-cliff at Berwick. 


brown clay ( 5 ) with a few scattered stones, which are in 
other places iiiore closely aggregated. They are generally 
ice-worn, but some show no traces of glaciation. In this bed 
broken and w^orn shells occur, but they are not common. In 
other parts of the cliff irregular beds of sand are intercalated 
with g and 5 , and sometimes the whole of the drift deposits 
overlying the solid rocks consist of a red boulder-clay, often 
very coarse, overlaid with beds of sand and clay. 

Shelly boulder-clay may be seen in the old sea-cliff 
between Bennane Head and Ballantrae, Ayrshire;^ and some 
good sections are exposed upon the coast of Wigtownshire, t 
as at Clanyard Bay, and at the south end of Port Logan 

* Mem, Geol. Surv. Scot., Expl. of Sheet 7, p. 14. 

t Op, cit.f Expl. of Sheet 1, p. 8 ; “ Monograph of Post-Tertiary Entomostraca 
of Scotland,*’ LalmniogropMeal Society, vol. xxviii. p. 69. 
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Bay, "botli on the west coast of the Mull of Galloway, and 
again at Monreitli tileworks,^ about two and a half miles 
south of Port William on the shores of Luce Bay. In the 
same county, at the CleshmaheiY tileworks, one mile south of 
Stranraer, shelly till is covered by brovm laminated shell- 
bearing clay, which in turn is overlain with an upj)er stony 
clay containing apparently no fossils. My colleague, Mr. 
Irvine, wdio surveyed the western districts of Wigtownshire, 
states that fragmentary shells occur at various places in the 
stiff till of the low grounds, as at Lady Bay, Innermessan, 
and Sandhead on the shores of Loch Eyan.t Shelly boulder- 
clay has also been detected in the south of Arran, in the 
Cloined BiimJ 

In the examples now adduced the shelly tills either rest 
upon shell-bearing silt and laminated clay or upon a pave- 
ment of unfossiliferous till, or, if this be absent, they recline 
directly upon the solid rocks. In the next sections it wdll 
be seen that we have beds of silt intercalated between two 
beds of shelly boulder-clay. 

In the north of Lewis w’-e find the sea-cliffs in some places 
formed of drift deposits, as on the east coast at the Port of 
Ness, and on the other side of the island between the points 
of Cobha Sgeir and Sinntean. The accompanying sections 
show the general succession of the beds. In Fig. 36 two 
beds of boulder -clay, with intermediate deposits of sand, 
gravel, and clay or silt, are seen. The lower boulder-clay 
bed rests upon gneissic rocks, which in some places have a 
smoothed surface under the clay, although they are more 
often, perhaps, somewhat rough and broken. I found that 
throughout Lems the gneissic rocks seldom preserved their 
striae. § Even where the roches moutonnees looked exceed- 
ingly ffesh it w^as rare to detect the '‘ghosts of scratches.” 
I often observed, however, that the quartz veins which pro- 
jected above the surface of the rounded rock-faces wwe w^ell 
striated. This w^as particularly observable on the sides of 

* Mem. Geol, Sun\ /S'aof., Expl. o£ Sheet 2, p. 9. 

t Op. cit.f Expl. of Sheet 3, p. 23. 

+ Mop. Soc, Edm.j vol. xxiii., p. 523 ; Arran^ and other Clyde Islandsj by 

Dr. jr. Bryce, 4th ed., p. 184; “Moiiogr. Post-Tert. Eatom., Scot.,” lalmnt. 
Soc., Yol. xxvxii. p. 7, et sqq. 

§ See a paper hy the author, Quart Jour. Geol Soc.^ yoI. xxix, p. 532. 
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Suainablial and other moutonnee hills in the south ; and in 
one place, where the till had only been recently stripped 
from the ground, I noticed that the gneiss was beautifully 
polished and striated orer an area of several square yards, 
although the rock-faees immediately adjoining, which had 
long been exposed to the action of the weather, had lost all 
their strise and presented only a smoothed outline. From 
these facts it becomes apparent that the Lewisian gneiss is 
not well adapted to preserve the finer etchings of the ice- 
chisel. Rain and frost soon corrode its surface, and the rock 
then crumbles away, so as to leave its quartz veins standing 
out in relief; and these, as I have said, often show strise.* 
But to return to our drift section. 



J'ig. 36. — Boulder-clay and associated deposits, Traigli Chrois, Island of 
Lewis, r, Gneiss, Lower and upper boulder-clay, s, Sand, gravel, 

and clay. 


The lower bed of boulder-clay is a dark greyish brown 
sandy or earthy clay, quite unstratified, with numerous 
blunted stones and boulders. These consist almost exclu- 
sively of gneiss of a kind which does not preserve striae, 
consequently only a few of the finer -grained, harder, and 
more compact stones show any striations. At Port of Ness 
this boulder-clay is of a dark brown colour, and often very 
sandy, and contains patches of sand. Here some of the 


* There are some remarkable changes in the “ strike ” of the gneissic rocks of 
Lewis: thus in the neighbourhood of Stornoway the strikers north-east and 
south-west, and the dip is to south-east. West of Stornoway, in the central 
district of the island, the strike is only a little north of east and south of west, 
— the dip being a little east of south. In the Great Bernera, all along the shores 
of Loch Roag, and throughout the TJig district, the strike is distinctly north- 
west and south-east, with a prevalent dip to the north-east. 
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stones Ere well striated \ and many boulders of red sandstone 
and conglomerate, whicli probably came from tbe Cambrian, 
were seen in the clay. But the most remarkable feature 
of this stony clay is the presence of broken arctic and boreal 
shells, which occur in an irregular manner through the mass. 
The upper surface of the boulder-clay is denuded— a cha- 
racter better shown in Fig. 87, which is taken from the same 
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Kg. S 7 . — Boulder-clay and associated deposits, Traigh Clirois, Island of 
Le'wis. Under and overlying boulder- clay. 5, Fine, sand and clay 

partings, mtb a few scattered stones. 

locality. The stratified beds contain shells, most of which 
are in a fragmentary state, but some perfect sjDecimens may 
be detected. They belong to arctic and northern sjiecies. 
A few stones occur here and there in the beds. In some 
sections these beds consist of an upper series of sand and 
grayel deposits, more or less distinctly separated from an 


Fig. SS.— Boulder-clay overlying stratified deposits, Traigb Chrois, Island of 
Lewis. Boulder-clay. 5, Sand and gravel. <?, Clay and silt. 

underlying deposit of imperfectly laminated dark blue and 
grey clay and silt or mud (as in Fig. 88). Shells occur in 
both. At Port of Ness the stratified deposits are represented 
by coarse gravel and shingle with large rolled boulders ; the 
whole very rudely bedded, but containing worn fragments 
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of sliells. At Traigh Shnainaboist tbe stratified beds show 
occasional contortion. Above these deposits comes another 
mass of nnstratified boiilder-clay, which in some places is 
of a reddish brown colour, and somewhat more sandy in 
texture than the lower mass, already described. But it is 
very irregular. Thus at Traigh Shuainaboist it is a tumultuous, 
unstratified, dark blue silty clay, very tough in places, and 
shows irregular veins and bands of sand and gravel. The 
boulders and stones are unequally aggregated in parts, and 
are of all sizes up to blocks four or five feet across ; most of 
them being angular and subangular, and not often showing 
striae. Amongst the prevalent gneissic fragments are a few 
of red grit and sandstone. Here and there, as at Port of Ness, 
this boulder-clay contains fewer large boulders, and the stones 
are scattered more equally through the mass. At this latter 
place it is not so stony as the underlying clay, and seems, 
moreover, to graduate down here and there into the inter- 
mediate stratified beds. Broken shells occur in the upper 
boulder-clay, but they appear to be somewhat rare. It may 
be worth noting that towards the north end of the sea-cliff 
at Traigh Shuainaboist a mass of coarse shingle caps the cliff 
and passes down into sandy boulder beds, some stratified 
portions of which consist of shelly grit, gravel, and sand.* 
The line of junction between the upper boulder-clay and the 
underlying sand and silt beds is as a rule well defined, but 
occasionally, as I have said, one may note a passage or gra- 
duation of the former into the latter. 

I have been thus minute in my account of these drift 
sections because, as we shall see by-and-by, they seem to 
throw considerable light upon the origin of similar shelly 
boulder-clays that occur upon the mainland. That the reader, 
therefore, may have the main facts clearly before him, I will 
tabulate them here. Beginning with the upper bed, -we have 
the following succession in descending order : — 


^ I ongM, perhaps, to mention that here and there the drift beds are overlaid 
with sand and gravel full of rolled shells of species that are even now living in 
abundance ronnd the coasts of Lewis. These beds, however, are much more 
recent than the glacial deposits — they belong to the‘*Eaised Beach ” series, 
and, therefore, it would only tend to confusion were I to describe them along 
with the deposits which we are at present examining. 
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1. BoiiWer-clay; unstratified, sometimes reddisi. brown, and sandy, with 

stones pretty equally scattered tbrongb. the matrix ; at other times 
dark greyish blue and more clayey, becoming very tough here and 
there, with stones and boulders unequally aggregated. Contains 
irregular beds and patches of gravel, silt, sand, &c. Stones generally 
subangular and blunted, and occasionally well striated. Broken shells 
rare. Passes down here and there into beds below, hut is usually 
separated from these by a more or less well-defined line. Passes up 
in one place into stratified shingle and gravel. 

2. Sand, gravel, and coarse shingle, with rolled and angular fragments of 

shells. Stratified, but sometimes obscurely so. Contains here and 
there large boulders. Often passes down into and interosculates 
with beds below : sometimes entirely replaces these ; here and there 
rests with a local unconformity upon them. 

3. Dark blue and grey, sometimes brown laminated clay, silt, and mud. 

Laraination not always distinct. A few stones are scattered through 
this bed. (Sometimes 2 and 3 are represented , by a sandy mud with 
intercalations of sand, clay, silt, and fine gravel, with stones, generally 
not larger than one’s fist, sparsely scattered throughout.) Contains 
shells, sometimes whole, hut usualiy in detached valves, many of 
them being mere fragments. 

4. Boulder-clay ; xmstratified dark greyish brown sandy or earthy clay ; con- 

tains irregular lenticular beds and patches of sand, gravel, clay, &c. ; 
stones generally blunted, subangularj cbiefiy of gneiss, hut in some 
places many of red sandstone, conglomerate, and quartz-rock. Some 
of the stones are well striated. Broken shells occur somewhat 
plentifully throughout the mass. Line of separation between it 
and overlying beds generally distinct. 

In the sequel I shall point out that at many places along 
the sea-coast of Scotland beds of clay and sand containing 
northern and arctic species of shells are found. These occur 
at various heights, from 300 ft. downwards, but ara most 
common at levels ranging from 40 ft. down to the actual 
shore, some of the beds passing under the sea. None of 
them, as we shall see, is covered by boulder-clay, and they 
are therefore considered by many geologists to he of later 
date than any of the tills, whether shelly or otherwise, which 
have formed the subject of this chapter. I have hitherto 
been of this opinion myself, but some recent explorations in 
tbe Outer Hebrides have tended to throw some doubt upon 
the matter, and I now think it quite possible that some of 
the shelly beds referred to may really be of interglacial age. 
But my reasons for this view will be given in Chapter XXII. 


CHAPTER XVI. 


BEDS SUBJACENT TO AND INTERCALATED WITH THE SCOTTISH 
TILL — Continued. 

Climatic changes indicated by marine interglacial beds — Origin of the shelly till. 
•—Mr. E. L. Jack on shelly till of Endrick valley,— Dr. Croli on shelly till 
of Caithness. — Professor Geikie and Mr. B. N. Peach on glaciation of Caith- 
ness. — Deflection of striae in north-east maritime districts ; in the estuary of 
the Tay and in Fife ; in the estuary of the Forth and in Haddingtonshire ; in 
the valley of the Tweed and maritime districts of Northumberland. — Origin 
of the glacial deposits of Lewis. 

W HEN marine organisms occur in a stratum in such a way 
as to show that they must have lived and died where 
we now find them, we are compelled to infer that the land 
must have been submerged to a certain extent at the time 
these organisms flourished. But if the state of the fossils 
and the mode of their occurrence be such as to indicate that 
the creatures could not have existed in the position their 
shells, &c., now occupy, then the proof they famish of a former 
submergence is by no means so satisfactory. The deposits 
that formed the subject of the preceding chapter present us 
with a number of examples of both kinds of evidence. 
Sometimes the proofs of former inroads by the sea upon the 
land are indisputable, at other times the presence of sea- 
shells is no proof of submergence at all. An examination of 
the evidence will make good these points. 

It will be remembered that underneath a mass of till at 
Woodhill Quarry, near Kilmaurs, there occur certain marine 
and freshwater deposits which rest directly upon the rocks. 
From this it might at first be inferred that these latter deposits 
are of preglacial age ; but when we bear in mind that Scot- 
land has been subjected to the grinding action of several 
successive ice-sheets, we must admit that very strong evidence 
is required to prove that any portion of the old preglacial 
surface of that country has been preserved. It is more 
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reasonable to believe that deposits like those under the till 
at Woodhill Quarry belong to one of the latest, if not to the 
very last intei'glacial period — to that warm era, namely, that 
preceded the final great extension of land-ice. This belief, 
so reasonable in itself, is justified by the fact that in the 
immediate neighbourhood of Woodhill the stratified beds 
that underlie the till are themselves in certain places under- 
laid by another deposit of boulder-clay. The succession of 
changes to be inferred from the evidence is therefore as fol- 
lows ; — First, a period of intense arctic rigour, when the whole 
country was covered with ice, underneath which was formed 
the lower-lying mass of till ; second, a period wdien the ice 
melted away from the low grounds and retired to the moun- 
tains, and -when streams flowed in the grassy valleys, and the 
climate was such as to nourish herds of the woolly-coated 
mammoth and the reindeer ; third, a period when the sea 
gained upon the land to a height of 100 ft. at least, and 
when molluscs of arctic and northern species lived and died 
and were buried in silt and sand that gathered over the peaty 
accumulations in which the remains of the old mammals were 
stored up ; fourth, a period when intense arctic conditions 
again prevailed, and another vast ice-sheet crept out ^ from 
the mountains and covered the low grounds with its moraine 
profoncle. 

The section of drift exposed at Tangy Glen at a height 
of ISO ft., clearly proves in like manner a former sub- 
mergence of the land, for the shells in the underlying clay 
evidently occur in situ. The clay, in short, is part of an old 
sea-bottom. But although the shelly clay rests directly 
upon the solid rocks, yet it is by no means certain that the 
deposit is of preglacial age. Indeed the probabilities are 
against its being so. We must always remember that the 
glacial deposits now visible at the surface are more likely to 
belong to the later than the earlier stages of the Ice Age, 
and the shell-bed at Tangy Glen is therefore most probably 
of interglacial age. This inference is much strengthened by 
the fact that similar shell-bearing clays have been found 
superimposed upon and covered by till, such as that at Oak- 
shaw Hill, Paisley, where the intercalated shell-bed indicates 
an interglacial depression of not less than 64 ft. A still 
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more striking example of the same Idnd is the TeUina-cal- 
carea bed of Chapelhall, Airdrie. Evidently the shelly clay 
interposed between the tinder and npper till at that place 
marks an old sea-bottom, wdien the sea rose not less (indeed, 
certainly more) than 526 ft. above its present level. 

I have spoken of these shell-beds as interglacial depOBits, 
although their fossils indicate the presence of a miicli colder 
sea than now flows round the British coast, simply because 
they are links in the evidence which goes to show that the 
intense cold of the glacial epoch was interrupted by more or 
less prolonged intervals during which milder conditions of 
climate prevailed. In our attempts to realise the physical 
conditions that obtained at various periods during the glacial 
epoch, it is necessary, as I have tried by some examples to 
show, that w^e should keep in view not only the height above 
the sea, but also the geographical position of the deposits. 
Chapelhall, where the shelly clajr w^as got, lies nearly in the 
centre of that broad tract of lowland country, wliieh is drained 
by the river Clyde and its tributaries. At the time when a 
free ocean flowed over the site of the district in question, it 
is evident that a very large part of the Scottish Lowlands 
would be submerged. The sea would wash the base of the 
Kilsyth Hills in the north, and towards the south would 
extend up the Clyde valley as far, at least, as Hazelbank, a 
few miles below Lanark. 

Now such being the case, a very little consideration will 
suffice to convince us that however cold the climate may 
then have been, Scotland could not by any possibility have 
presented such an intensely arctic aspect as when the ice- 
sheet was at its thickest. The till that underlies the shelly 
clay speaks to us of a time -when the great central valley of 
Scotland brimmed with glacier-ice. Under no other condi- 
tion could a moraine profoncle gather in the position of that 
till at Chapelhall. But the presence of the clay with shells 
shows that a great physical change had supervened, and it 
seems reasonable to conclude that at the time this shelly 
clay was deposited the greatest intensity of glacial cold had 
passed away. But if the accumulation of the lower mass of 
till at Chapelhall implies the former existence of one great 
confluent ice-sheet in Scotland ; then, in like manner does the 
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OTerlying mass of till compel us also to conclude that after a 
comparatively mild period had endured for some time another 
mighty ice-sheet again overflowed the land. 

I come now to discuss the origin of the shelly tills and 
the beds with which they are associated. The occurrence of 
broken shells in boulder-clay has always been a puzzle— many 
geologists being inclined to support the view of the marine 
origin of such deposits. But there are insuperable objections 
to this riew. For in most cases the shelly tills do not differ 
in general structure and apjjearance from unfossiliferous 
boulder-clay. They contain perhaps a greater percentage of 
sand and rolled gravel and grit, and are as a rule less tough 
than the hard azoic till of the interior, and their included 
stones and boulders are certainly not generally so well ice- 
worn and striated as those of the old bottom till of inland 
districts. But leaving their fossil contents for the moment 
out of account, they can yet be paralleled by many deposits 
of unfossiliferous till, more especially by those somewhat 
looser and less tenacious masses that overlie most of the inter- 
glacial beds described in the preceding chapters. And if 
these u|)per or overlying deposits of till be of the nature of 
true moraine fTofonchy then the shelly tills must be so like- 
wise. They certainly bear no resemblance to what we con- 
ceive iceberg droppings to be ; but their stones and boulders 
have evidently travelled in one and the same direction, and 
this coincides with the trend of the underlying rock-strise ; 
moreover, the colour of the clay is influenced by the nature 
of the subjacent rocks in the same way as the typical azoic 
till of the interior. But these and other points will come 
out as we examine the evidence. 

The first example of a shelly till wdiich I have cited is 
that described as occurring in the loAver part of the Endrick 
valley, which opens upon the south-east corner of Loch 
Lomond. I have mentioned this example first because, as it 
seems to me, the evidence bearing upon the origin of the 
shelly till is very complete ; and I must refer the reader to 
Mr. Jack’s paper for a very full and able discussion of the 
question. Only the general results he arrived at can be 
given here. The shelly till of the Endrick valley overlies at 
one place a bed of clay containing marine shells, near the 


BEDS ACC03fPANFING SCOTTISH TILL. 


177 


bottom of wliicb a reindeer's antler was found, and my 
colleague lias given various reasons for believing that this 
shelly till was laid down during one of the latest cold periods 
of the glacial ejioch. Having visited the district, I quite 
agree with this view, and consider the section to be closely 
paralleled by that at Woodhill Quarry. According to Mr. 
Jack the succession of changes ivas as follow- s : finest, a period 
of excessive glaciation, wdien the w^hole country was smothered 
ill ice, — -a condition of things which may have been inter- 
rupted by several interglacial warm eras, although no record 
of these has been detected in the Endrick valley ; second, a 
time when the great ice-sheet melted away and Loch Lomond 
formed an arm of the sea, wdiich w-as tenanted by shells that 
indicate a somewhat colder temperature than that which now 
prevails round our shores : at that time the sea must have 
risen at least 108 ft. above its present level, and the reindeer 
maj^ then have brow^sed on its shores ; third, a period wdien 
ice once more filled up the great mountain-valley in which 
Loch Lomond lies, and mounted the rising ground betw^een 
the Low^er Endrick and the Leven to a height of at least 
320 ft." This latest great advance of the glacier resulted in 
the wholesale demolition of the marine deposits which had 
gathered in the Loch Lomond fiord during the preceding 
interglacial period. The ice ground up the loose clays, sands, 
and gravels along wuth the shells and other marine organisms 
that lay upon the bottom of the sea and incorporated these 
wdth its ground-moraine. Thus it is that broken and rolled 
shell fragments, and occasional water-wmrn stones are found 
scattered confusedly through the matrix of the tumultuous 
unstratified till. The shelly till of the Endrick is capped 
by certain other deposits, but we shall refer to these when 
w^e come to consider the origin and history of the Upper 
Drift of Scotland. 

It is w^orth noting that the section where the reindeer’s 
horn was found is just about the same height above the sea 
as the mammaliferous and marine deposits underlying the 
till at Woodhill Quarry. Of course this fact does not in any 
w^ay prove that the shell-beds at the two places are contem- 
poraneous. One may be older than the other, but if it be 
so, there is really nothing to show which was the first formed. 
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On tlie other hand, we cannot help surmising that they may 
l3e eonteniporaneous, and that the' reindeer’s antler may 
possibly be a relic of pre-existing freshwater deposits that 
were clemoHshed during the submergence that gave rise to 
the marine beds at the bottom of which it was discovered. 

I have stated at page 80 that the Scotch ice in all pro- 
bability coalesced on the floor of the North Sea wdth the ice 
that streamed out at the same time from the Scandinavian 
peninsula. Certain proofs of this extraordinary junction of 
these ice-sheets which could not well be given before may 
now be brought forward. 

Mr. Jamieson, whose account of the Caithness till has 
already been referred to, came to the conclusion that the 
glaciation of the rocks and the transport of the till have been 
produced by ice coming from the north-’west. The distribu- 
tion of the dark grey till clearly indicates, as lie points out, 
that the movement could not have been from the interior of 
the country — for the drift derived from the degradation of the 
“ Caithness flags ” overlaps the red grit and conglomerate 
which bound the “ flags ” in the south-west. But the 
appearances described by him are equally explicable on the 
supposition that the ice had come from the south-east. He 
states, indeed, that -where he '' observed any indication of a 
stosseite it ivas on the north-west side but as he does not 
describe any particular instances of this appearance, it is pro- 
bable that they were not very pronounced, and they can 
hardly be taken therefore as sufiicient to jirove a movement 
in the direction inferred by him. But more than this: a 
movement from north-west does not explain how it comes to 
pass that boulders of chalk, oolite, and other rocks that do 
not occur in Caithness, are nevertheless met -with in the 
Caithness till. Mr. Jamieson holds that marine conditions 
prevailed during the deposition of the drift in question, and 
he infers that the agent ivhich produced it was sea-borne ice. 
He admits, however, that but for the presence of the shells 
the till could not be distinguished from any typical boulder- 
elay of the interior. To the iceberg hypothesis of its origin 
many objections might be taken; but into these I need not 
go, as they have already been disposed* of when treating of 
the origin of till. It is quite clear that the till of Caithness 
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is just ordinary boulder-clay, 2jliis sea-shells, which do not 
occur in regular beds, but are disseminated through the 
deposit in the same way as the pebbles and boulders. 

Dr. Croll was the first to point out that the presence of 
the shells is no proof of the marine origin of the till. He 
showed that all the phenomena could be accounted for by a 
movement of glacier-ice from the south-east, a direction which 
at first sight seems impossible. He reminds us, however, 
that the great ice-sheet deriving from Scandinavia could not 
possibly have broken up into icebergs in the shallow North 
Sea, but must have become confluent with that of Scotland ; 
and this junction would necessarily result in the deflection of 
the large glaciers that streamed out from the north-eastern 
districts of our island. The natural direction of that ice was 
undoubtedly doAvn the beds of the Moray and Dornoch Friths 
away to the north-east, but its path was obstructed by the 
vast ice-masses that already occupied the bed of the North 
Sea. Instead of flowing, therefore, in that direction it was 
forced to turn to north-west, and so to creep across the 
broad flats of Caithness. In doing so it dragged along with 
it the silt and mud and marine organisms that were pre- 
ciously distributed over the sea-bottom ; and mixing up all 
these with the usual stones and debris that gathered under- 
neath as it ground on its way, formed thus a bottom-moraine 
through which broken and scratched shells were dispersed in 
the same way as stones and boulders. This theory also 
accounts for the occurrence in the till of Caithness of bits of 
chalk and oolitic rocks, for there is every reason to believe 
that areas of these strata occupy the bottom of the Moray 
Frith. Along the coast of Sutherland a strip of oolitic beds 
is seen, and the probabilities are that these strata are suc- 
ceeded out to sea by a series of Cretaceous rocks, from which 
the chalk fragments in the Caithness till may have been 
derived. 

Dr. CrolFs conclusions have recently been confirmed by 
my brother (Professor Geikie) and Mr. B. N. Peach, whose 
observations put it beyond doubt that the north-east part of 
Caithness has really been over-ridden by land-ice flowing in a 
direction from south-east to north-west. Before I quote what 
Mr. Peach says, I may mention that the dark greyish shelly 
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till which is found scattered over all the low grounds of 
Caithness, does not extend farther west than a line drawn 
between Berriedale on the south to Reay on the north coast 
of the county. South-west of Berriedale the till contains no 
shells, is of a reddish colour, and contains no stones which 
may not have been derived from the interior of the country. 
Mr. Peach remarks,"' '' Near the Ord of Caithness and on to 
Berriedale the striae pass off the land and out to sea ; but 
near Dunbeath, six miles north-east of Berriedale, they begin 
to creep up out of the sea on to the land, and range from 
about 15° to 10° east of north. Where the stricB pass out to 
sea the bouldei'-clay is made up of the materials from inland 
and contains no shells, but immediately the stricB begin to creep 
up on to the land then shells begin to make their appear- 
ance ; and there is a difference, moreover, in the colour of 
the clay, for in the former case it is red and incoherent, and 
in the latter hard and dark coloured.'' 

Dr. Croll has further suggested that the headland of 
Fraserburgh has been overflowed by ice coming from the 
south-east. I think, however, it is more likely that in this 
case the ice came from the north-west. The fragments of chalk 
and oolite which occur in the di’ifts at so many different points 
along the shores of Elgin, Banff, and the north of Aberdeen- 
shire, have more probably been derived from rocks lying at 
the bottom of the Moray Frith than from any submarine 
district south-east of Fraserburgh. Mr. Jamieson has also 
pointed out that along the coast from Banff to Peterhead the 
prevailing colour of the till is quite like that of Caithness. 
Moreover, the striae indicate the former presence of ice moving 
out to sea by way of the Moray Frith, but compelled to hug 
the coast in obedience to the same opposing power that 
forced the ice to overflow the flats of Caithness. In short, 
the point of deflection of the Scotch ice I would put about 
midway between the coast of Caithness and the southern 
shore of the Moray Frith. 

South of Fraserburgh we shall find that all along the 
eastern seaboard of Scotland the rock-striations on the low 
grounds have a tendency to turn to the south-east, when there 
is often no very obvious reason for their doing so. For example, 

* Climate and Timet p, 453. 
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instead of trending down the estuary of the Tay they strike 
right across the Fife hills ; and when we trace the stri^ along 
the southern shore of the Firth of Forth they gradually lead us 
away to south-east, until at Coldingham we find them running 
parallel with the coast line. Again, if we follow the valley 
of the Tweed we shall meet with the same appeai’ances. In 
this valley the ice flowed at first towards the north-east 
(about Melrose), but as it crept farther down the valley it 
began, for no apparent cause, to turn away, first to east, then 
to south of east, until at last it rounded the ncrthern spurs 
of the Cheviots, and thereafter flowed right away to the 
south-east, hugging the maritime district of Northumberland. 

Now such a remarkable deviation out of what must have 
been the natural course of the Scotch ice, can only be ac- 
counted for by inferring the presence in the North Sea of the 
Scandinavian ice-sheet. With that vast mass blocking up 
its outlet to sea, the Scotch ice was forced away to the south- 
east and compelled to invade Northumberland, just as, for 
similar reasons, it overflow^ed so large a part of Caithness. 
As good evidence that England was thus invaded, I may 
point to the shelly till in the sea-cliff at the mouth of the 
Tyne, which contains besides broken shells a number of 
stones and boulders wdiich have certainly been derived from 
the north.* 

We see, therefore, how the appearance of sea-shells in a 
tumultuous unstratified till is no evidence in favour of that 
till having been formed in the sea. The broken shells occur 
precisely in the same way as stones and boulders, and hence 
they yield the same kind of evidence as these. For just as 
these shoAv in wdiat direction the land-ice moved, so, in like 
manner, do the broken shells. Boulders of Perthshire granite 
in the till of Fife indicate an ice-flow from the Highlands 
towards the south-east — broken shells in the till of Caithness 
point to an ice-flow from the sea-bottom to the north-west. 

It must be observed, however, that not only in Caithness 
but also in Aberdeenshire, beds of silt, &c., containing sea- 
shells have been noted underneath the till in various places. 
It is highly probable, therefore, that considerable portions of 
the low grounds of Scotland were actually submerged, or had 

* See further on this subject Chapfeer xxy. 
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onlj. recently been vacated by the sea, at the time when land- 
ice began to creep over Caithness, and that a large proportion 
of the material (both clay and shells) of the Caithness till was 
derived from the demolition of those soft marine deposits 
which cloaked the low-lying parts of the country before the 
ice-sheet attained its great development. There is no evi- 
dence, however, to show that the shelly silt and clay, &c., 
which here and there occur below the shelly tills of Caithness 
and Aberdeen are of preglacial age. It is much more likely, 
as Mr. Jamieson has remarked, that they are of more recent 
date than the earliest stage of the glacial epoch. I would 
therefore class them all as interglacial, for the same reason 
that I include the shell-beds of Chapelhall, Tangy, Glen, &c., 
among interglacial deposits. That this is not an unreasonable 
view will, I hope, appear when we have considered the con- 
ditions under which the drift deposits in the north of Lewis 
have been accumulated, 

Lewis, as I have already mentioned,^ has been glaciated 
across its whole breadth hy land-ice, which poured out from 
the rugged wilds of Ross-shire, filled up the Minch, and there- 
after traversed the northern portion of the Outer Hebrides in 
a direction from south-east to north-west. The course followed 
by the ice is proved not only by the position of roclies mou- 
tomiem and other glaciated surfaces, but also by the stones 
in the till. Thus boulders of red sandstone and conglomerate 
which could not have been derived from any place nearer 
than the neighbourhood of Stornow^ay, occur in the till of the 
west side of the island, None of the till of the interior, as ftir 
as I have examined it, contains a vestige of shells, nor does it 
ever assume the character of a dark clay, like the shelly tills 
which I have described as occurring in the extreme north 
of the island. Indeed, throughout the whole of Lewis the 
general character of the tiU t is that of a greyish earthy or 
clayey grit, often hard, as if it had been subjected to great 
pressure, and always more or less thickly charged with 
blunted angular and subangular stones, among wdiich only 
the finer grained ones show striaa. Such is the general 
aspect of the deposit on east and ’west coasts alike. The 
shelly tills that occur near the Butt are the only fossiliferous 

* See ante^ p, 77» f Jour. GeoL Soc.j vol. sxxix. p. 532. 
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clays of tlie kind I observed. But a dark grey clay, with 
shells, and covered by sand, may be seen in the Eye Peninsula 
at Garabost, and it is possible that shelly tills may yet be 
found at some points along the east coast, between Port 
of Ness and Broad Bay. I can only say that, with t?he excep- 
tions already mentioned, no shelly till, to the best of my 
knowledge, occurs, either in the interior or along the west 
coast. 

The shelly tills showm in the sea-cliffs near the Butt appear 
to stretch across the island from shore to shore, a distance of 
two miles, or thereabout, forming a narrow belt of low ground, 
which does not rise more than 90 feet or so above the sea. 
The deposits extend for somewhat less than a mile along the 
east coast, but on the west side of the island one can trace 
them for a distance of three miles. They die off against the 
iindeiiying rocks to the north, and disappear to the south 
under peat. 

Having given these additional details, only a few words 
are needed to show what appears to have been the succession 
of events in Lewis, so far as these are chronicled by the 
glacial deposits. 

First, then, w^e have, as in previous cases, evidence of a 
period of most intense glaciation, when the ice, deriving from 
the mainland, attained so great a thickness that it filled up 
the Minch and overflowed Lewis to a height of not less than 
1,300 ft. It was underneath this great ice-sheet that much 
of the unfossiliferoiis till of Lewis was formed. 

It. is at first sight difficult to conceive how such a vast 
thickness of ice could have been generated in this region. 
But we must remember that just as the rainfall is greatest 
now along the -west coast of Scotland, so in glacial times, as 
Mr. J amieson has remarked, the snowfall would likewise be most 
considerable there, owing to the greater proximity of the sen. 
Moreover, the Outer Hebrides would act much in the same 
way as the Scandinavian ice, and tend to block up the ice- 
flow, wdiich was further impeded by the great sheet that over- 
flowed Caithness in a north-west direction. For I believe it 
will eventually be found that the Caithness ice, as it swept 
out over the bed of the Atlantic and was joined by the great 
glaciers that poured northwards from the wild glens of Suther- 
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land, turned more to tlie west, so as to surmount tlie little 
islets of North Rona and North Barra, wliicli lie rather 
more than forty miles to the north of the Butt of Lewis.* 

Second, there ensued a milder condition of things wdieii 
the great ice-sheet melted away, but to what extent we can- 
not tell. 

Titled, after the partial or complete disappearance of the 
ice-sheet the sea got access to the Minch, and arctic and 
boreal species of molluscs lived in its depths, indicating a 
temperature for the sea somewhat colder than it is in the 
north of Scotland now. 

Fourth, there next ensued a return of glacial conditions, 
which, however, were probably not so intense as before ; 
glacier-ice, however, filled up the Minch, and was even thick 
enough to overflow the north end of Lewis, on its way to the 
deep water beyond; at that time the mud and clay and 
shells lying at the bottom of the Minch were incorporated 
with the ground-moraine which the ice dragged with it 
across the island. 

Fifth, a milder condition of things now appears once more 
to have ensued, the sea again invaded the Minch, and even 
rose to a greater height than it does at present, while arctic 
and boreal shells, as before, became its tenants. After a con- 
siderable deposition of fine clay and silt had taken place, the 
sea retired for some distance and the land emerged so far as 
to allow the waves to denude and re-arrange the shelly silt 


* I have not visited Nortb. Kona, but a quaint story, wHch I heard from an 
old man in Lewis, leads me to think that roches mouionnees and striated rock- 
faces must be very conspicuons there. Once upon a time there lived a saintly 
priest at the bTess, in the north of Lewis, who strove very hard to make the 
naughty folks in that neighbourhood good men and women. But somehow he 
didn’t succeed: and at last, wearying of his task, he went to the rocks at the 
Butt and' prayed heaven to deliver him from Ness, and its naughty people. And 
so it came to pass that even while he prayed, a crowd of seals bobbed up their 
heads at his feet, and seemed to invite him to go with them. The good man 
consented, and they floated him far away to the island of North Kona. Now 
whether it was that the rocks of that island were unusually steep and slippy, or 
the holy man was just as heavy in body as in mind, will perhaps never be 
known ; but, anyhow, the seals had hard work in getting their freight landed. 
They clawed and scratched, and scratched and clawed at the rocks, but slid 
back into the water again and again, until after a supreme effort the gasping 
father was rolled safely ashore. “Now,” said my friend, “ whether that story 
is true all through or no I will not presume to say ; but if you go to North Eona 
there you will see the rocks on the shore all polished and smoothed, and much 
marked wuth long deep scratches.” 
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and clay and to form coarse gravel, sand, and sliingle along 
an exposed coast-line. 

Sixth. Again tlie cold increased and ice filled up the 
Minch, rising high enough upon Lewis to overflow its 
northern extremity, and in doing so to plough into the 
older drifts, cutting them out in some places, crumpling and 
confusing them in other places, and here and there mingling 
its bottom-moraine with them in such a way that now it is 
sometimes hard to separate the one from the other by any 
well-defined line. 

Seventh. The ice-sheet next finally retired from this region, 
and its moraine profonde and the older drift-deposits were 
subjected to denudation, and here and there sand and gravel, 
containing broken and rolled shells of recent littoral species 
were spread over their surface — thus showing that after the 
final disajDpearance of the ice (but how long after we cannot 
say) the island was submerged to a depth of not less than 
sixty feet, or thereabout. When this submergence took 
( place the temperature of the neighbouring sea was probably 

much the same as it is now.* 

* When I first (1872) visited the north of Lewis I was tinder the impression 
that the succession of shelly tills and intercalated deposits occurring there 
might be explained by supposing them to have been deposited at or near where 
an ice-sheet terminated in the sea. I thought the beds between the two tills 
or boulder-clay.f might indicate merely a short temporary retreat of the ice 
during some exceptionally mild years, but subsequent and more detailed obser- 
vations in the island have satisfied me that the appearances presented by the 
drifts cannot he thus explained. When we come to consider the glacial deposits 
of England, we shaU find that the succession described above is very closely 
I paralleled by the drifts of Lancashire as these are described by Mr, De Uance 

! and others.- , 
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CHAPTER XYII. 


INTEEGLACIAL DEPOSITS AND SHELLY TILL OF SCOTLAND. 

SHMMAET OF RESULTS. 

Correlation of interglacial freshwater and marine deposits. — Shelly tills belong 
mostly to later stages of glacial epoch. — Probable condition of Scotland 
during deposition of the most recent deposits of boulder-clay. 

H aving now passed in review tlie evidence supplied Ly 
tlie marine deposits that occur either intercalated with 
or subjacent to the till, we must next endeavour to sum up 
the main results obtained. 

We have seen, then, that the evidence we have just been 
considering not only does not contradict but really confirms 
the conclusions to wdiich an examination of the intercalated 
and subjacent fresh w'ater beds appeared to lead us. The 
accumulation of till or boulder-clay was not continuous all 
over Scotland throughout the glacial epoch. There were 
periods when the ice, which had extended over all the main- 
land across the adjacent seas to the outlying islands, even- 
tually melted away so far as to allow the sea to stretch into 
the interior of Scotland. Such a recession of the ice-sheet 
could only have been due to an amelioration of climate. A 
mere submergence of the land could not have brought about 
so great a change. The ice that covered the low grounds of 
Scotland, during the early cold stages of the glacial epoch, 
was certainly more than 2,000 feet in thickness, and it 
must have been even deeper than this between the mainland 
and the Outer Hebrides. To cause such a mass to float, the 
sea around Scotland would require to become deeper than 
now by 1,400 or 1,500 feet at the least ; and this deepening 
must have happened more than once, if we are to explain 
the occurrence of intercalated marine beds in the till by 
means of extensive depressions of the earth’s crust. But 
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there is what seems to be positive proof that the presence of 
a shell-bed, lying between two accumulations of till, really 
and truly indicates an interglacial period of milder climatic 
conditions. The interglacial shell-bed at Woodhill Quarry, 
for example, rests, as we have seen, upon freshwater deposits 
containing mammalian remains. We have, therefore, in this 
case clear proof that a great ice-sheet melted away from the 
low-grounds without the intervention of the sea, leaving 
behind it a moraine profonde, wdiich, by-and-by, supported 
terrestrial vegetation, and w^as occupied by mammoths and 
reindeer — proof, in short, that the ice disappeared and 
exposed not a sea-bottom but a land-surface. It -was only 
after this land had been tenanted for some considerable time 
by large quadrupeds that submergence ensued, and molluscs 
of boreal and arctic species flourished over the graves of 
defunct mammoths and reindeer. Thereafter, confluent 
glaciers once more crept out from the mountains, and accu- 
mulated their bottom-moraine above the silt and sand over 
which the sea-shells had lived. 

But it may be asked why the intercalated shell-beds, if 
they really mark mild interglacial periods, do not contam an 
assemblage of fossils betokening milder conditions of tem- 
perature than boreal and arctic. I have already remarked, 
in the case of the freshwater interglacial deposits, that, if 
Scotland, during the milder intervals of the Ice Age, ever did 
experience a w^m climate, we could yet hardly hope to meet 
with any abundant or decided proof of such genial conditions. 
For every mild period of that kind must have been gradually 
succeeded by arctic conditions ; and, consequently, deposits 
laid down during the former stage would be afterwards sub- 
jected to excessive denudation ; first, by rivers and other 
subaerial forces, and lastly, by glaciers. We have also to 
remember that the land, during the invasion of the sea, 
would be still further acted upon, and loose freshwater accu- 
mulations would often be obliterated. I suspect that the 
solitary reindeer's antler, found underneath the shell-bed at 
Croftamie, may be the sole surviving relic of some such 
interglacial freshwater deposit which was broken up and 
re-arranged by the sea when it first got access to the Endrick 
valley. In short, if we only give the question a little con- 
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sidemtion, we must iDerceive that of all interglacial deposits, 
those betokening cold temperate conditions would stand the 
best chance of preservation 

The occurrence of interglacial marine beds shows us that 
the glacial epoch was characterised now and again by con- 
siderable submergence of the land — the greatest submer- 
gence of which we have proof being upwards of five hundred 
feet. But the land may have been drowned to a greater 
extent than that^ — the traces left by the sea having been 
destroyed by the later glaciation. How man}’^ submergences 
there were, we cannot at present, and, perhaps, never may 
be able to say. That many of the interglacial shell-beds 
referred to in previous pages may be contemporaneous is 
quite possible, nay, even probable. But there is nothing 
sufficiently distinctive in the deposits to justify us in attempt- 
ing to correlate them. Some, indeed, have evidently been 
accumulated in deeper water than others, and it is quite clear 
that all the deposits cannot be strictly contemporaneonSs It 
is certain, for example, , that the Tellma-ecdciiTea bed of 
Chapelhall (526 ft. above the sea) could not have been accu- 
mulated at the same time as the mussel-bed of Oakshaw 
Hill (53 ft. above the sea). One of these beds (perhaps 
that of Chapelhall) is clearly older than the other. But 
then they may both have been deposited at different stages 
of one and the same interglacial period. 

And if the difficulty of correlating the various marine 
interglacial beds be great or even insuperable, we do not find 
it any easier to dovetail these with the interglacial deposits 
of freshwater origin, or even to correlate the latter with each 
other. The evidence points to there having been several 
great changes of climate, and that is. about all we can say. 
Nevertheless, we may be allowed to suspect that many of the 
Scotch interglacial deposits, as well marine as freshwater, 
belong to one of the latest, perhaps to the very last, mild 
interval that preceded the final great extension of confluent 
glaciers. 

One may note in many cases that the till which overlies 
interglacial deposits is not infrequently a somewhat looser 
clay than the generally excessively tough lower till that 
clings to the rocks underneath. Often, too, the stones and 
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boulders of the OTerlying till are, as a whole, less well 
smoothed and striated than those in the boulder-clay below. 
Too much stress, however, may easily be laid upon these 
circumstances, for the nature of the till depends very largely 
upon the character of the debris out of which it has been 
formed. But even after making all due allowance for this, 
one cannot help being struck with the fact that the upper or 
overlying boulder-clays should so often differ from the under 
till ; for, when two beds of boulder-clay occur in one and 
the same section, the low^'er almost invariably proves the 
tougher of the two, and its included stones very frequently 
show stronger marks of glaciation, than the somewhat moie 
angular and less polished stones and boulders of the upper. 
Moreover, in not a few instances, one can be pretty sure that 
the ujoper boulder-clay above an interglacial bed does really 
belong to the last great extension of the ice-sheet, and there- 
fore he may reasonably infer that in such a case the inter- 
glacial deposits most probably belong to the latest mild 
intex'val of the glacial epoch. I have no doubt, for example, 
after having carefully surveyed the drift deposits of the 
valley of the Irvine and the adjacent regions, that the till at 
Woodhill Quarry was laid down as ground-moraine at the 
time of the very last incursion of the great ice-sheet, and 
that therefore the deposits of that place give us a glimpse of 
the conditions that obtained in Scotland during the latest 
interglacial era. And these, as it will be remembered, were : 
first, a land-surface followed in the next place by submer- 
gence. But whether it w^as during that same period of sub- 
mergence that the sea rolled over the site of Chapelhall with 
a depth of not less than five hundred and twenty-six feet, one 
caimot positively assert ; although this is much more likely 
to be true than that the Chapelhall shell-bed. should belong 
to any earlier period of submergence. 

In the present state of the evidence, it appears most 
reasonable to hold that the shelly tills, as far as these have 
yet been studied, belong, for the most part, to the latest 
stages of the glacial epoch. They seem to show that the 
last great ice-sheet that enveloped the mainland had to make 
its way over considerable heaps of silt, mud, and sand, which 
had accumulated during a considerable submergence of the 
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laiicl ill tlie quiet recesses of bays and fiords. We liave seen 
liow this conclusion is borne out by an examination of the 
slielly tills of the Endriek Valley, Caithness, Aberdeenshire, 
and Lewis. The shelly tills of Wigtownshire have had a 
similar origin, and probably belong to the same date as those 
just mentioned, 

I do not go so far, howmver, as to infer that all deposits of 
till in wdiich shells occur have been formed in precisely the 
same way as those of Caithness and Lewis. In some cases, 
they appear rather to have been de]30sited at, or near, wdiere 
great glaciers terminated in the sea. The till at Berwick 
may have been formed under such conditions, and the 
boulder-clay with intercalations of sand and gravel and rolled 
shells which occurs near Ballantrae probably had a similar 
origin. 

It is well known that in alpine countries the glaciers some- 
times advance beyond their usual limits, and the same in all 
likelihood is the ease wdth the great glaciers of Greenland. 
It is, therefore, not unreasonable to believe that during our 
glacial epoch the ice- rivers may have been subject to similar 
luctiiations, wddch may well have continued to recur even 
up to the time when the great ice-sheet had retired from the 
neigiiboiiring seas. It is easy, therefore, to see how, during 
such a temporary advance, the submarine heap of 'clay, 
stones, sand, and gravel lying in front of a glacier that pro- 
jected from the land, would be pushed forward and thrown 
into confusion. The shells wmuld often be crushed and 
broken, and the deposits themselves would become iiiter- 
niingled with the momiue 

The annexed section from the south of Ayrshire (Fig. 39) 



Fig. 39.— Upper and lower till or boulder-clay ; Eiver Stiucbar. 

exhibits not a few of the very features which a little con- 
sideration would lead one to expect in a deposit accumulated 
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imder these conditions. The section shows at i a tough 
tenaceous brown clay, quite unstratified and stuck full of 
finely-scratched and smoothed stones ; it has a hummocky, 
uneven surface, and has evidently suffered much denudation, 
no trace of it being found upon the solid rocks at r. This 
is undoubtedly a portion of some of the oldest till which 
accumulated under the ice-sheet when that had reached a 
great development. The overlying deposit is more or less 
distinctly bedded in parts, the bedded portions being indi- 
cated by the faint lines. At x it consists of thin layers of 
fine gravel, earthy clay, and sand, with stones scattered 
throughout, some of which are striated. To\vards the top, 
the gravel is much coarsei’, not so w-ell-bedded, and contains 
many angular blocks and stones, some of them smoothed 
and scratched. At g, -we see a stony clay, looser and earthier 
than the subjacent till, and only faintly stratified. The 
stones, wiaile usually smoothed and scratched, are, upon the 
wiiole, not so distinctly marked in this way as the stones in 
the till below. 

Such accumulations as this are not infrequently met wfith 
in maritime regions, and although they do not always or 
even often contain shells, jet these, as in the cases of the 
Berwick and Ballantrae sections, do sometimes occur. When 
followed inland they are often replaced by till of the usual 
character, into which they appear to pass. At other times 
they graduate into a rude kind of debris, not distinguishable 
from that boulder-earth and moraine-rubbish, which shall 
come before our notice presently. 

The confused, semi-stratified, and occasionally fossiliferous 
boulder-clays which I have just described, seem therefore to 
have been the conjoint production of the ice-sheet and the 
sea— consisting partly of true moraine i^rofonde, and partly 
of the nature of a submarine terminal moraine. ^ Hence it is 
that they sometimes show" more or less distinct bedding, and 
at other times contain bands and layers of sand, gravel, and 
clay, in which sea-shells or fragments of sea-shells are occa- 
sionally detected. The absence of these, however, cannot 
always be considered decisive against the marine-morainic 
origin of such deppsits. We know that even in arctic regions 
rivers and torrents escape freely all the year round from the 
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glaciers that terminate on shore, and it can hardly be other- 
wise with those which shed their icebergs in deep water. 
Now the presence of any large body of fresh water constantlj" 
flowing out from beneath the ice could hardly fail to keep 
away marine organisms from that portion of the sea-bed 
immediately in front of the glacier. And it seems, therefore, 
far from improbable that this may be one reason why the 
stratified portions of the rude boulder-clays described abowe do 
not more frequently contain shells and other exuviae. 

From the examples of fossiliferous till now adduced and 
commented upon, we may gather that the mere presence of 
shells scattered through the matrix of a stony clay is no 
proof that the sea has had any direct influence in its production. 
The geographical position of the deposit must alw^ays be con- 
sidered. Thus, in the case of the Caithness till, we may feel 
assured that it could not have been laid down at or near the 
front of a glacier terminating in the sea, and the same may 
be asserted of the shelly tills in the north of Lewds. But it 
is otherwise with such fossiliferous bouldei'-clays as occur at 
or near the coast immediately opposite the mouths of valleys, 
which may w^ell have been occupied by glaciers at a time 
w^hen the great ice-sheet w^as melting awny, and wdien the 
sea reached to a greater height than it does at present. 

We have now seen, as the result of an examination of the 
stratified deposits that occur underneath or are intercalated 
with the till or boulder-clay, that the accumulation of a 
momine ijrofoncle by one great ice-sheet w^as interrupted 
several times ; that the ice-sheet vanished from the low" 
grounds, and even from many of the upland valleys, and that 
rivers and lakes then appeared wdiere before all had been 
snow^ and ice. We have also learned that during such mild 
interglacial periods, oxen, deer, horses, mammoths, reindeer, 
and no doubt other animals besides these, occupied the land, 
which w^as clothed to some extent wdth grasses and such trees 
as oak, alder, willow, and hazel Moreover, we have ascer- 
tained that the land itself experienced at least one consider- 
able submergence, which probably occurred immediately 
before tlie last great extension of the ice-sheet, and during 
wdiich the sea that covered the drowmed districts of the 
country w"as tenanted by molluscs of northern habitats. No 
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definite conclusion, liowever, as to the climate of interglacial 
times can be drawn from these organic remains. The 
deposits which contain them are much too fragmentary to 
enable ns to say, with anything like certainty, that intergla- 
cial Scotland never enjoyed a milder climate than is now 
experienced in cold temperate regions. But, as we shall see 
in the sequel, a study of the glacial deposits in other coun- 
tries throws no small light upon this difficult question. 
Again, we can have no doubt that the generally looser con- 
sistency of the upper boulder-clay or till, and the less severely 
glaciated aspect of its included stones and boulders, point to 
ice-sheets of less depth and extent than that underneath 
which the lowest-lying tough tenacious till w^as formed. 
During the formation of the latter, the whole of Scotland was 
buried underneath snow and ice, and such being the case, 
the surface of the great mcr cZc glace could not be covered 
with stones and debris, as are the puny glaciers of the Alps. 
The moraines gathering below and in front of the earlier 
great ice-sheets would, therefore, contain few or no rough 
unpolished stones. But when, in later cold stages of the 
glacial epoch, the ice-sheets failed to attain the vast breadth 
and depth of the earlier mers de glace, there would not only 
be less pressure exerted upon the bottom-moraine, but angular 
blocks and stones, derived by the action of frost from slowly 
emerging crags and cliffs, would be introduced from above, 
and, sinking through fissure and crevasse, would mingle with 
the loose debris of sand and clay and gravel that travelled on 
underneath the ice. By-and-by, as mountain-tops and ridges 
began to stand boldly up above the general level of the 
melting ice-sheet, and so by degrees to separate it into a 
series of large local glaciers, it is evident that long trains of 
blocks and rubbish would begin to sprinkle the surface of the 
glaciers. This ddbris, slowly carried downwards, would event- 
ually topple over the terminal front of the ice, and mingle 
with the glacial mud and stones which were being extruded 
upon the sea-bottom. Thus there would be mixed together 
in one and the same deposit heaps of scratched stones, with 
quantities of rough blocks and ddbris ; and it is plain, more- 
over, that the action of the sea upon the morainic rubbish- 
heaps in front of the glacier would tend occasionally to give 
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a stratified arrangement to the detritus, sometimes eYen 
sifting tlie materials and forming beds of clay, sand, and 
gravel. In such beds it would only be natural that shells of 
arctic species should sometimes become entombed. 

During such a condition of things the rocky parts of the 
coast between separate glacier valleys would no doubt be 
fringed with a belt of ice, just as at present is the case in 
Greenland, and this ice-foot occasionally breaking off would 
float away with the rocky rubbish and debris which alternate 
freezings and thawings had detached from the cliffs and 
shownred upon it In this manner rock-fragments from a 
distant part of the country might be dropped upon the bed 
of the sea, and so get intermingled with morainic matter 
carried down by glaciers from the interior. 

The conditions that brought about the accumulation of the 
more recent deposits of boulder-clay are thus seen to have 
differed to some extent from those that prevailed when the 
older stony clays were formed. During the formation of 
the latter the ice was much thicker, and extended farther 
nto the sea. It may even have been that the land itself 
stood at a greater elevation, as it certainly appears to have 
done in preglacial times.* But in the later glacial periods 
the ice-sheets were most probably of less extent than in the 
earlier stages of the great cycle. When the youngest boulder- 
clay of certain maritime regions began to be thrown down, all 
the valleys were filled with ice, but not to overflowing. The 
watersheds and elevated ridges now broke up the mer cle 
glace into a series of separate glaciers, and it is to this period 
that some of the crossing sets of rock-strise described at 
p, 64 must be referred. When the mer de glace became less 
continuous the glaciers would sometimes change their direc- 
tion, being less impeded in their course by the pressure of 
neighbouring ice-masses. During the former periods of great 
confluent ice-sheets the condition of Scotland closely resembled 
that of the antarctic polar continent, but at the time the latest 
deposits of boulder-clay wm’e being accumulated it more 
nearly approached to the present aspect of Greenland. Great 
glaciers reached the sea, which probably did not then reach a 
much higher level than now, and presented steep faces of ice 

* See Ciiapter sxx. 
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to the swell of the Atlantic ; but between the glacier-valleys 
were long stretches of rocky coast-line, fringed with a shelf of 
ice like that which flanks the shores of many regions that 
border on the dreaiy Arctic Ocean. Coast ice and ber<^s 
floated about, and the bottom of the sea was tenanted by 
arctic molluscs. 


CHAPTER XVIII. 


UPPEE DRIFT DEPOSITS OP SCOTLAND. 

Morainic debris and perched blocks of Loch Boon district ; of Stinchar valley ; 
of northern slopes of Solway basin ; of Einns of Galloway ; of the Clyde 
and Tweed \^alleys ; of the Northern Highlands. — Erratics ; carried chiefly 
by glaciers; have travelled in directions corresponding with the trend of 
the roek-strioe.— Condition of Scotland during the carriage of the erratics 
that occur at high levels. — Occurrence of erratics at higher levels than the 
rock masses from which they have been derived. 

¥ E come now to consider tlie nature and origin of tlie 
upper — tliose deposits, namely, wliicli belong 

upon tbe whole to a later date than the till or boulder-clay. 
They consist, as will be seen presently, of very diverse mate- 
rials, and the mode of their formation has long been the sub- 
ject of contention. It is a matter of no little moment, as the 
sequel will show, that we should ascertain what was the precise 
sequence of events that followed upon the deposition of the 
upper or newest accumulations of boulder-clay ; and this w^e 
can only do by carefully considering the evidence in detail. 

Turning attention first to the hilly districts— to the great 
uplands of the south— we find that the till, in a sorely 
denuded state, is frequently covered by a coarse earthy debris 
of angular fragments and large blocks and boulders, some of 
which show traces of glacial striae, although as a rule these 
are faint. This debris, which is of very variable thickness, 
ranging from a few feet up to many yards, ascends to great 
heights upon the sides of the mountains, and may be traced 
far down the valleys, even into the low grounds beyond. 
Thus, for example, the mountains that hem in Loch Doon 
(Ajwshire) are sprinkled with loose angular and siibangular 
stones, some of them striated, and wuth immense numbers of 
large boulders of grey granite wdiich do not belong to the 
hills upon which they rest, but have travelled outwards from 
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the central moimtain region. The angular debris, as we trace 
it down the valley, appears to become thinner and thinner, 
until, when we reach the low grounds about Dalmellington, 
it cannot be distinguished. But the grey granite boulders 
are more easily detected, and appear here and there on the 
hill-sides for several miles farther down the valley. They are 
not, however, confined to the immediate slopes of the valleys 
of that district, but are scattered promiscuously over all the 
hill-tops up to a height of 1,700 ft. In the valley of the 
Stinchar, which drains the same great mountain tract, similar 
appearances may be noted; angular rubbish, occasionally form- 
ing irregular hummocks and low mounds, and large boulders 
are scattered abundantly over the hill-slopes down as far, at 
least, as the village of Colmonell, and they even appear near 
the very top of Beneraird (1,400 ft. above the sea). The 
same facts have been observed by my colleagues on the Geolo- 
gical Survey in the valleys that drain towards the Solway 
Frith. The wild mountain tracts of Galloway that overlook 
the Water of Luce, the Cree, the Ken, the Urr, &c., are 
abundantly coated with earthy debris and angular rubbish. 
Everywhere great boulders are distributed over the valley- 
slopes and hill-tops and even over the low grounds beyond. 
Thus the low-lying Rinns of Galloway, according to Mr. D. E. 
Irvine, show numerous loose boulders of grey granite which 
have come from the hills of Cairnsmore to the north-east. In 
all these districts, in short, there is abundant evidence to 
show that both the angular ddbris and the boulders or 
eTTatics, as they are termed, have radiated outwards from 
the central knot of mountains down all the principal valleys 
to the low grounds. We meet with the like phenomena in the 
valleys of the Clyde and the Tweed. Loose earthy and clayey 
rubbish, containing some scratched stones, and large erratics 
sprinkle the sides of the hills up to considerable heights, and 
this for many miles down the course of those valleys. In the 
Tweed valley, for example, such debris appears in decided 
masses as far down as Drummelzier, and it occurs loosely 
scattered over the valley-slopes even as far down as Traquair. 
The deep glens of the Highlands present us with similar 
phenomena. The mountain-slopes are everywhere sprinkled 

* See Mem, Geol, Surv. Scot,, Exp. of Slieet 3, par. 39. 
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witli loose earthy riibbisli, in -wbieli a few faintly glaciated 
stones sometimes appear, and large erratics occur up to all 
levels, even as high as 3,000 ft, according to Mr. Jamieson. 

Tlie angular riibbisli is unquestionably of morainic origin 
— ^it answers in every respect to the rude debris wMcli gathers 
on the surface of an Alpine glacier and is shot over the end of 
the ice, where it mingles with the detritus pushed out from 
underneath, to form a terminal moraine. It speaks to us, 
then, of a time when all the mountain-valleys were yet filled 
with ice — with massive local glaciers, the direct descendants 
of the great ice-sheet that produced the till or boulder-clay. 
While the youngest boulder-clay was being deposited the ice- 



Fig, 40. — ^PercJied Block. 

sheet continued to retire until at last it no longer reached 
the sea, but deposited its moraines upon the land. It still 
covered a large part of the Lowlands, but such hiUs as the 
Lammermuirs, the Pentlands, and the Ochils, now rose above 
the level of the mer de glace, while in the Highlands and 
the Southern Uplands the ice was restricted, for the most 
part, to the valleys. It was only under conditions such as 
these that the morainic ddbris, sprinkled over the hill-tops 
and occurring far down the valleys, could have been deposited. 

Now let us glance for a little at the testimony of the erratic 
blocks, and see how this agrees -with the evidence yielded by 
the ancient morainic debris. 

Erratics are of aU shapes and sizes — occasionally reaching 








CooLix Mountains, Sicye. Erratics resting on glaciated rocks in forogrouiid. (By H. M, 8kao.) To face p, 199. 


UPPER DRIFT OF SCOTLAND. 


199 


colossal proportions, and containing many liiindred cubic feet. 
Some are well rounded, others only partially so, and Tery 
many are angular and subangular ; not a few also show one 
or more scratched surfaces. In certain districts they are 
exceedingly abundant. I have already described how they 
occur in the valleys of the Southern Uplands and are plenti- 
fully scattered over the hill-tops up to considerable heights 
in that region, and how common they also are in the low 
grounds that sweep out from the base of these hills. Refer- 
ence has likewise been made to their frequent occurrence in 
similar positions in the Highlands. 

In the intermediate Lowlands they are not wanting, but 
large numbers have disappeared in the progress of agriculture, 
so that they are not so plentiful as they used to be. But 
upon the slopes of those more or less isolated hilly tracts 
which rise up between the Highlands on the one hand and 
the Southern Uplands on the other, they are often abundantly 
met with. Along the northern flanks of the Sidlaws and the 
Ochils, for example, we find them thickly strewn. They con- 
sist in those districts of such rocks as mica -schist, gneiss, 
granite, &c., all of which have evidently been derived from the 
highland mountains to the north and north-west. Boulders 
of similar rocks also make their appearance still farther south. 
They are met with here and there in the low-lying parts of 
Fife, and Mr. Maclaren has described the occurrence of a 
large mass of mica-slate at a height of 1,020 ft. on the Pent- 
land Hills — the nearest rock from which it could have come 
lying fifty miles to the north, or eighty miles to the west. 
Boulders of highland rocks have also been noted on the 
northern slopes of the Lammermuir Hills. They likewise 
occur in considerable numbers on the crests of the trappean 
heights that rise between the valleys of the Clyde and Irvine. 
In the south-west of Scotland, as already indicated, those 
undulating and hilly districts that roll out from the foot 
of the Galloway mountains, are studded with innumerable 
boulders which have radiated outwards from the central 
heights. Even the islands that lie off the coasts are dotted 
over with loose boulders or erratics, which can frequently be 
shown to have travelled great distances. Thus, for example, 
I found in Lewis large erratics of red sandstone, and certain 
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porpliyries wHcli, from tlieir position, could only liave been 
derived from tbe mainland. 

Erratics rest on bare rock, till, and angular debris alike, and 
tbey are also found on tbe slopes of certain billocks of gravel 
and sand in tbe Lowlands. Tbe position tbey occupy in tbe 
mountain-valleys is often precarious — perched at a great 
beigbt on some narrow ledge or juttmg point of rock, where 
it would seem as if a slight push might send them bounding 
to the bottom. 

As a general rule they prove to have been carried from 
higher to lower levels ; the rocks of which they once formed 
a part stand at a greater elevation than those upon which 
they now repose. But to this rule there are exceptions ; for 
loose boulders are occasionally found at a considerably greater 
height than the rock from which they have been broken.'"' 

"What, then, do we learn from the erratics? How do we 
account for the scattering of these far-travelled blocks over, 
we may say, the whole face of the country ? Some of them, 
it is evident, must have crossed wide valleys and considerable 
hills before they came to a final rest. The highland boulders 
on the Pentlands and the Lammermuirs, for example, after 
crossing Strathallan or Strathearn, traversed either the Campsie 
or the Ochil Hills, and passed athwart the broad vale of the 
Forth before they finished their journey. By what agent 
were they transported ? The answer is— by a colossal glacier. 
So in like manner would I account for the presence of the 
numerous grey granite boulders that strew the slopes of the 
Galloway mountains, and are , found distributed far and wide 
over the low grounds at their base ; for the boulders that 
cluster so numerously along the northern face of the Sidlaws 
and the Ocliils ; for the perched blocks that occur up to great 
heights in the glens and valleys of the Highlands; and for 
those that dot the surface of Orkney and Shetland and the 
islands of the Hebrides. But, as I shall point out in the 
sequel, ice-rafts may also have had something to do with the 
distribution of certain erratics. 

It is a fact that most, if not all, the erratics have travelled 

* Some of the most remarkable examples of this kind are met with in Gallo- 
way. Hy colleague, Mr. J. Home, found large erratics of granite up to a height 
of 2,764 feet, on the Merrick,— the highest leyel reached hy the granite in place 
being only 2,270 feet 
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in clirectioBS that coincide with the trend of the rock-stri^. 
Thus in Lewis we get boulders of Cambrian sandstone on the 
beach at Barvas (on the west side of the island), and at the Butt, 
which have evidently travelled either from Stornoway, or the 
mainland ; now the low grounds of Lewis are glaciated from 
south-east to north-west. In Aberdeenshire and Forfar all 
the erratics have streamed outwards from the mountains. It 
is the same in Perthshire, Argyle, Boss, and other highland 
districts. In the southern counties the same rule holds strictly 
true. The erratics lying loose upon the ground have moved 
in the identical direction followed by the till of" the same 
regions — ^a direction which it need hardly be said coincides 
■with that of the underlying rock-striations. Indeed, when 
the till is carefully searched it not infrequently yields frag- 
ments of the same rocks as those of which the erratics lying 
loose at the surface are composed. Thus, as mentioned in a 
previous page, fragments of highland rocks are got in the till 
of the Ochils, the Campsies, and the Paisley Hills. I have 
seen also bits of mica-schist in the till at Heston in Berwick- 
shire. 

Let us for a moment recall the appearance presented by 
Scotland during the accumulation of the till, and then con- 
sider what would be likely to result upon a gradual change 
of climate. When the cold was at its climax one great sheet 
of snow and ice enveloped the whole country, above which per- 
haps only the tips of some of the higher mountains appeared. 
As this ice-sheet melted aw-ay, and the great confluent 
glaciers withdre-w from the bed of the shallow seas, of course 
the surface of the ice must have been lowered in proportion, 
for melting wnuld take place atop just as at the extremities. 
As a consequence of this, more and more of the mountain 
districts would peer above the waste, and frost would then 
rupture the rocks— and rubbish, and ddbris, and great blocks 
falling upon the ice, would be carried outwards in the direc- 
tion of its flow. In this way long trains of erratics would be 
travelling north, south, east, and west, from the Highlands, 
and in similar directions from the Southern Uplands. As 
the ice continued to melt, hills like the Pentlands would 
begin to rise above the level of the ice, and form islands in a 
great mer de glace ; and just as the retreating tide will strew 
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tlie beaeli witli tlie waifs of ocean, so tlie ice-current, as it 
pressed upon and slowly crept away from tliese desolate 
islands, would leave upon their frozen shores the wreckage of 
the distant mountains. The surface of the ice still sinking, 
erratics would be left stranded on mountain-slopes and hill- 
sides at ever decreasing levels, unth at last, the mer de glace 
having shrunk beyond the reach of the waves, erratics toppled 
over the terminal fronts of the glaciers upon the Low- 
lands themselves. And so the process w^ould continue until 
the glaciers had melted away from the low grounds and 
shrunk back into the mountain- valleys. 

It would thus appear that the erratics belong to different 
stages of the glacial epoch. Those that lie upon the islands, 
and, at great heights on such hills as the Pentlands, are, in 
all probability, as old as some of the upper boulder-clays, 
w^hile those occurring at lower levels, and nearer to the moun- 
tains, must date to less remote times. 

Among the many puzzling phenomena wdiich glacialists 
have endeavoured to explain, not the least perj)lexing is the 
occurrence of loose erratics and j)erched blocks at considerably 
higher levels than the rock masses of which they once formed 
a part. Such erratics have been noted, not only in this 
country, but in glaciated regions elsewhere ; perhaps the most 
remarkable examples being those which Scandinavian and 
Ajnerican geologists have made known to us.* Mr. Darwin, 
many years ago, attempted to explain such anomalies in the 
glacial phenomena of our owa country, by supposing that the 
erratics had been floated about on massive icebergs during a 
period of depression. He conceived that, as the land sank 
down, the bergs stranded or dropped their stony burdens at 
higher and higher levels of the drowning country. This 
ingenious explanation compels us, of course, to make one 
of two assumptions — ^namely, either that the movement of 
depression was rapidly effected, or that the icebergs were 
endowed wuth extraordinary longevity. Or, again, we might 
combine the two assumptions, and hold both that the down- 
ward movement was rapid, and that the icebergs took long 
years to melt away. I fear, however, that the theory is more 
ingenious than satisfactory. There are many considerations 

^ See Chapters xxxii. and sxxv. 
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that militate against it, amongst which I shall only mention 
this, that we ha Ye no evidence of such a degree of sub- 
mergence having obtained in this country, Scandinavia, or 
Jsorth America, as would be necessary to account for the 
elevated position of many of the erratics in question. There 
are, no doubt, other objections which might be urged to Mr, 
Darwin's explanation ; but it is hardly necessary, at least for 
my present purpose, to specify the reasons that have led me 
to the belief that another explanation of the difficulty must 
be sought for. 

The opinion held by Scandinavian geologists, and by many 
glacialists in this country, with whom I have conversed upon 
the subject, is that the erratics under review have been 
deposited in their present positions by land-ice. No one, 
however, has yet succeeded in showing how land-ice could 
have carried these large blocks from lower to higher levels. 
It is obviously impossible that the boulders could have tra- 
velled upon the surface of the ice in the usual way, nor is it 
credible that they could have been pushed on underneath 
along with the moraine ‘profonde or till — ^for frequently they 
show no marks of abrasion or striation, but are m all respects 
similar to the large angular blocks that fringe the sides of 
Alpine glaciers. 

Recent researches of my own having directed my attention 
more particularly to this curious problem, I am induced to 
believe that an explanation of the difficulty may eventually 
be found in certain phenomena which have been observed in 
Alpine glaciers. Among the late Principal Forbes’ numerous 
letters on glaciers, addressed to Professor J ameson, there is 
one bearing date 12th December, 1846, in which some 
remarkable observations are recorded. I am not aware that 
the observations to which I am about to refer have ever been 
considered by geologists, nor do I know that any physicist has 
attempted another explanation of the phenomena than the 
one which seems to have satisfied Forbes.^ The phenomena 
in question relate to the supposed tendency of glaciers to 

* Dr.‘ Croll’s molecnlar theory of glacier motion accounts well for the transport 
of boulders from lower to higher levels underneath the ice — ^it shows how the 
mormne profond0 could be forced up a hill- side ; and it is not opposed to the ex- 
planation given above of the mode in which rough unpolished erratics have 
been carried from lower to higher levels. 
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reject impurities, and tlie undoubted fact tliat stones are 
always found near or upon tlie surface of the ice/’ It is 
strange/’ says Forbes, ‘'that it should not have occurred 
to CYery one who souglit to explain the apjpearance of 
stones on the surface by the ablation of the ice, that in 
order to arriTe there at aU, the blocks must previously 
have been embedded in the virgin ice, where popular 
belief, and, generally speaking, more accurate observations 
also, give them no place.” Forbes then proceeds to give 
several examples of the phenomena, 'which I cannot do better 
than quote in his own words. Eeferring to the extruded 
stones on the Glacier du Nant Blanc, near Chamouni, he 
remarks that “ the right bank of this glacier is at first bounded 
by rocky summits, but in the lo'wer part of its course by a 
mound-hke moraine of the usual form. The surface-blocks 
can only be derived from the precipices near the origin. Yet 
they do not even appear on the surface opposite the rocks, 
but only opposite to the moraine ; and they increase in 
number and quantity towards the lower end of the glacier, 
where they almost blacken the surface of the right side, the 
left side remaining almost clean. It is difficult to believe 
that this accumulation is not due to the gradual denudation 
of the blocks by the melting of the ice in which they have 
been in some way or other embedded ; but it is scarcely less 
difficult to admit that having fallen from the rocks above the 
nevi, they should have remained unperceived in the ice during 
all the intermediate space. 

" To take another example. The Glacier of the Ehone is 
distinguished by the extraordinary purity of its surface, and 
the consequent absence of lateral moraines. But this general 
freedom from stones on the surface is subject to one excep- 
tion, which is remarkable. Stones begin to appear at the 
surface on the terminal slope at a considerable height. How 
came they there ? Not a stone the size of the fist can be 
seen on the surface farther up ; and in examining a number 
of the crevasses I could not see any engorged in the ice. 
The explanation seems to be, that these stones are actually 
introduced into the ice by friction at the bottom of the 
glacier, and forced up'wards by the action oi frontal 
resistance which produces the frontal dip of the veined 
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striictnre, and they are finally dispersed on the surface by 
the melting of the ice.’' ^ 

This explanation is of course bound up with the Yiscous 
theory/' and those who hold that the subsequent researches 
of Dr. T 3 mdall, and other physicists, have overturned Forbes' 
theory of the origin of the ribboned structure of glaciers, 
may be inclined to put these observations aside. But the 
facts recorded by Forbes have an interest for geologists, apart 
altogether from their bearing on the cause of glacier motion. 
Whether, as Forbes supposed, stones are carried upwards 
through the solid mass of a glacier by the filamentary sliding 
of the particles of ice — the curves of ejection corresponding 
exactly with those of forced separation — is a question for 
physicists to consider. It is enough for the geologist to know 
that stones apparently do travel upwards through the ice, 
nor will ablation alone suffice to explain the fact. If, for 
example, a boulder which has fallen into a crevasse and 
become embedded at a depth of 80 or 100 feet, should re- 
appear upon the surface of the glacier at a point farther down 
the valley, it is evident that its reappearance at a relatively 
higher level in the glacier cannot be due to the melting of 
the ice alone. At one place it lies at 80 or 100 feet below 
the surface, but after the glacier has flowed for some distance, 
it reappears at the surface ; that is to say, it seems to have 
risen 80 or 100 feet through the ice. If 80 or 100 feet of 
ice have been removed by melting and evaporation, then this 
loss has been again made good, but not by the accumulation 
of snow upon the surface of the glacier — the ice has been 
kej)t at its general level by the new^ supplies which are con- 
tinualty pouring into the valley at its origin. In other words, 
the ice in front rises just as fast as the ice advances from 
behind ; it is thus that the general level of the glacier is 
maintained. Now the line of ejection along which the 
boulder has travelled cannot possibly dip at the same angle 
as the slope of the valley; for if that were the case the 
boulder would always remain embedded in the ice, at the 
same distance from the underlying rock, until it was ejected 
at the terminal front of the glacier. But although the line 
of ejection must always dip at a less angle than the valley, 
* JS'iw. PM. Jbwr., January, 1847. 
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yet it mil in most cases still have a more or less perceptible 
clip in the same direction as the valley. A great deal will 
depend xi|)on tlie boldness of the obstructions that impede 
the flow of the glacier. If these are mimeroiis and for- 
midable, then the lines of ejection will approximate more 
and more to the horizontal, and even at last curve upward, 
so as to dip itp instead of doivn the valley ; and thus boulders 
introduced into the ice at a given point will, as they are 
borne down the valley, not only rise as it were through the 
glacier, but eventually be extruded at a level which may be 
many feet, or even many yards, higher than the point in the 
valley from which they originally started. 

It seems to me that such must be the case, no matter what 
theory of glacier motion we hold, Forbes may be wrong in 
having maintained that the curves of ejection correspond 
with those of ‘'forced separation,’’ and his explanation of 
the veined structure may also be entirely wrong, although 
this can hardly be said to have been established, for not a 
few of the objections to his theoiy proceed upon the assump- 
tion that “the fracture and regelation theory” of glacier 
motion is demonstrably true. Tyndall has shown, that the 
ribboned structure is due to pressure, and this may be freely 
admitted by those who may still cling to the “viscous 
theory.” It remains to he proved, how-ever, that there is no 
such filamentary sliding of the ice particles over each other 
as Forbes contended for. The experiments of the late Canon 
Moseley seem indeed to cut away the legs of both Forbes’ 
and Tyndall’s theories, but the molecular theory advanced by 
Dr. J. Croll obviates Canon Moseley’s difficulties, and may 
eventually show us that Forbes was not so far wrong w^hen 
he insisted that there is a motion of the ice particles parallel 
to the direction of the blue veins in glaciers. 

But however this maybe, it is enough for us, as geologists, 
to know that stones introduced into the body of a glacier, 
whether from above or below% tend to rise upwards in the ice, 
as the glacier flows on its way. And I now ask whether this 
fact does not throw some light on the curious problem which 
forms the subject of our present inquiry ? Let us picture to 
ourselves a mountainous country, such as Scotland or Scan- 
dinavia, covered with a wide ice-sheet, or series of confluent 
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glaciers, and endeavour in imagination to follow tlie course 
of some hypotlietical boulder wMch has become embedded in 
the ice. We shall conceive that this boulder has been intro- 
duced by friction into the ice at the bottom of some valley 
in the interior of the country. As the ice creeps outwards, 
the stone gradually rises, the path which it follows sloping at 
a less angle than the bed over which the ice flows. Did no 
obstruction intervene, it is evident that the boulder, while it 
rose through the body of the ice, would be at the same 
time travelling gradually to lower levels than the point from 
which it originally set out. And it is quite conceivable that 
under such circumstances a stone might rise as it were 
through a thickness of several thousand feet of glacier ice, 
and yet be eventually extruded at a lower level than the 
rock of which it once formed a part. But then we know 
that countless obstacles intervened to impede the flow of the 
massive ice-sheets of the Glacial Ej)och ; and with every such 
obstruction the glacier masses must have been forced to 
bulge upwards by the intense ms a tergo ; and such upward 
movement of the ice, being again and again repeated, im- 
prisoned boulders and debris would be compelled just as 
often to rise to higher and higher levels. Let us suppose 
that our hypothetical boulder is travelling in a nearly level 
course towards some ice-smothered hill. As the ice ap- 
proaches this obstacle, it begins to bulge upw^ards, and our 
boulder is, as it were, forced up an inclined plane. Eventu- 
ally, however, the ice sweeps round and overflows the 
obstacle, and thereafter continues on its course. There being 
now less longitudinal pressure, the included boulder will not 
rise so rapidly, but will travel either in a horizontal line, or 
down a gently-inclined plane. Let us suppose, further, that 
such obstructions to the flow of the ice supervene again and 
again, until at last the boulder is carried into some embayed 
recess of the ice-drowned country, such as one may see 
represented in miniature by sheltered hollows in the bed of 
a river. Now, in such a recess our boulder may linger for a 
considerable time, but as the ice is always melting and 
evaporating at the surface, and the loss thus caused is being 
continually made good by the advance of ice from behind, it 
is evident that unless the stratum of ice containing our 
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boulder manages to creep out of tbe embayed recess as an 

undertow/* it will be forced to rise Mgber and higher until 
it becomes coaleseent with that portion of the current wdiicli 
overflows all obstacles at a higher level. By this time our 
boulder, having travelled, let us say, fifty or a hundred miles, 
may have been carried to a level many hundred feet or yards 
above that from which it originally started. We have now 
only further to conceive that, after a greater or lesser 
number of such vicissitudes, the boulder is at last extruded 
at the surface, and stranded on the side of some rocky hill 
that peers like an island above the surface of the hT-^tretch- 
ing mer de glace. 

Now, cases like this must have occurred again and again 
during the growth, continuance, and decay of the massive 
ice-sheets that once enveloped Scotland. We know from 
actual observation that just such obstacles as I have alluded 
to did really obstruct the flow of the Scotch ice. The con- 
fluent glaciers were frequently deflected, now to the right, 
now to the left, sometimes by opposing high grounds, at 
other times by masses of ice flowing in a different direction. 
This we can read in the trend of roches moutonnees and stride, 
in the dispersal of the stones in the till, and the distribution 
of loose erratics and perched blocks. Nay, we have even 
clear evidence to show that sometimes the under strata of 
the ice flowed in one direction, while the ice sweeping 
along at the surface followed a different route. Hence 
we can have no difficulty in admitting that such heaping 
up and bulging of the ice as is required to account for 
the transport of boulders from lower to higher levels must 
frequently have taken place in Scotland during the Glacial 
Epoch. 

The generally non-glaciated aspect of the boulders in 
question is also perfectly accounted for on the theory I have 
ventured to advance. Once embedded in the ice, stones and 
boulders might travel for hundreds of miles without sufter- 
ing abrasion. The weH-knowm incident of the knapsack* 
which was lost in a crevasse of the Glacier du Talefre on 
29th July, 1836, and disgorged by the coaleseent Glacier du 
Lechaud on 24th July,1846, after having travelledi em- 
* Min, Mih Jour. j 
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bedded in tlie iee, oyer a distance of 4,300 feet, shows 
liow little change a hard lump of rock would sustain in tra- 
yelling through a mass of glacier-ice. Occasionally, how- 
ever, such an inckded block might be rubbed against the 
rocks of a hill-side, and so receive a dressing on one or 
more faces. 



CHAPTER XIX. 


UPPER DRIFT DEPOSITS OF SCOTLAND — Continued. 

Sand and gravel deposits resting on till. — Karnes. — ^Erratics associated •with 
kames. — High-level terraces of sand and gravel. — ^Association of kames with 
morainic debris. — ^Yalley moraines. — Mode of origin of kames.— Distribu- 
tion of kames in Scotland. — ^Their relation to river valleys. — Flood gravels. 

I F it be true that erratics and tbe morainic debris described 
in last chapter -were scattered oyer hill-tops and strewn 
along mountain-slopes by gigantic glaciers, it is evident that 
much morainic matter must also have been left u]3on the 
Lowlands, as the ice gradually drew back to the moiintain- 
valleys. Have we any ti’ace of such terminal moraines ; and, 
if not, what has become of them ? To answer these ques- 
tions we must consider now the ujiper drift deposits of the 
lowland districts. 

In the districts referred to, the tiU or boulder-clay is 



Fig. 41,— Sand and gravel resting on denuded surface of till, railway cutting, 
near Douglas Month Bridge, Lanarkshire. 


overlaid in many places by great masses of distinctly water- 
worn materials. These deposits occur at all levels, from the 
coast up. to a height of more than 1,500 ft. above the sea. 
The most characteristic form assumed by them is that of 
rolling mounds, cones, and ridges, all of which consist, for 
the most part, of gravel and sand. To such an extent, 
indeed, is this the case, that the whole group is often spoken 
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of as the sand and grayel series.’’ It does not cover 
nearly so large a tract of ground as the till. In the higher 
mountain regions many miles of country may be traversed 
without discovering a single j)atch of sand or gravel. As a 
general rule the deposits belonging to tliis group are con- 
fined to lowland districts, where they appear at first sight to 
be distributed in a most arbitrary manner. Occasionally we 
may follow them for miles, when all at once they will die 
out, and then we may not meet with them again until w^e have 
passed into quite a different district. Again, they may be 
represented by only one or two mounds, often widely sepa- 
rated, with no trace of sand or gravel in the intervals. I 
have not infrequently come upon a solitaiy and isolated 
mound of sand and gravel, in regions wiiere for many miles 
around the only superficial covering upon the rocks wns till. 
But capricious as the distribution of the series may be, w^e 
shall yet find that this drift is arranged and grouped with a 
certain definite relation to the external form or contour of 
the country. 

The sands and gravels have, as I have just said, a 
tendency to shape themselves into mounds and winding 
ridges, w^hich give a hummocky ' and rapidly undulating 
outline to the ground. Indeed, so characteristic is this 
appearance, that by it alone wn are often able to mark out 
the boundaries of the deposit with as much precision as w^e 
could w^ere all the vegetation and soil stripped away and the 
various subsoils laid bare. Occasionally, ridges may be 
tracked continuously for several miles, running like great 
artificial ramparts across the country. These vary in 
breadth and height, some of the more conspicuous ones 
being up^wards of four or five hundred feet broad at the 
base, and sloping upwards, at an angle of 25^ or even 35^, 
to a height of 60 ft. and more above the general surface of 
the ground. It is most common, how^ever, to find mounds 
and ridges confusedly intermingled, crossing and re-crossing 
each other at all angles, so as to enclose deep hollows and 
pits between. Seen from some dominant point, such an 
assemblage of /{jumes, as they are called, looks like a tumbled 
sea — ^the ground now swelling into long undulations^ now 
rising suddenly into beautiful peaks and cones, and anon 
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cumng tip in sliarp ridges that often wheel suddenly round 
so as to enclose a lakelet of bright clear tvater. Fine 
examples of sand and grayel hills are seen in Lanarkshire, 
at Carstairs and Carnwath. They are also well developed in 
Haddingtonshire, near Coekburnspath ; in Berwickshire, at 
Dimse, and north of Greenlaw^; in Roxburghshire, at Eck- 
ford; and another fine set is seen in the valley of the 
Tweed, at Wark and Cornhill, Northumberland. At Leslie 
and Markinch, in Fifeshire,' a similar series occurs, and like 
accumulations appear mgre or less abundantly throughout 
the lowland districts. 

Not infrequently the slopes of the kames are carpeted 
with fresh green turf, in strong contrast to the more sombre- 
lined vegetation of the suiTounding clay-covered tracts. 
The local names in the country sufficiently attest this pecu- 
liarity. Green Hills are of very coiiinion occurrence, and 
I have usually found the name restricted either to kames or 
to certain little projecting bosses and cones of friable, decom- 
posing, igneous rocks. When the kames are composed of 
large stones, the vegetation on their slopes becomes coarse 
and poor, and the fresh green grass then gives place to 
clumps of broom or stunted gorse. This is more usually 
the case with the sharper ridges and peaked cones, these 
being made up chiefly of coarse gravel and shingle. The 
gentler undulations consist for the most part of fine sand 
and gravel, and hence, in a rough way, the slope of a 
kame and the character of the vegetation that clothes it 
serve as a kind of index to the nature of the materials lying 
beiow^. 

Almost all the isolated solitary mounds that I know of are 
made up of fine sand, and some of the best examples of 
these occur in Fifeshire. A small one, quite close to Dun- 
fermline, is locally famous under the name of Mont Dieu. 
According to old story this drift mound owes its origin to 
some unfortunate monks who, by way of penance, carried 
the sand in baskets from the sea-shore at Inverkeithing. A 
similar tradition accounts for a conical hill of fine sand at 
Linton, in the valley of the Kale Water, Roxburghshire ; of 
this hill it is said that two sister nuns were compelled to 
pass the whole sand through a riddle or sieve as a penance 
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for tlieir transgressions or to obtain pardon for a crime of a 
brother/’'^ 

Another mound of the same material (Norrie’s Law), a 
few miles north from Largo, in Fifeshire, is noted as the 
burial-place of some great worthy of past times. Who he 
was does not appear, but no doubt he must have been "'a 
superior person,’' for he was buried in a suit of silver armour, 
most of which, unfortunately, found its way to the melting- 
pot soon after its discovery by a farmer. Other isolated' 
cones, in various parts of the country, have often been 
described by local antiquaries as tumuli, apparently for no 
other reason than that they resemble these in external 
appearance. It is not unlikely, however, that such cones 



Fig. 42. — Section across kame, Douglas Bailway, near Lanark. 


may occasionally have been used as burial-places. It is 
certain, too, that some of the bolder ridges and mounds 
have been fortified and utilised for purposes of defence, the 
ditches scooped in their sides being still apparent. Pro- 
tected by strong palisades of wood, and surrounded as most 
of them probably were by dense forest, one can easily see 
how an abrupt kame or steej) cone might be made a very 
formidable fortress in the days of spears and arrows. 

The deposits of which the kames are composed are usually 
stratified, and, in some of the finer-grained accumulations, 
very beautiful examples of false or diagonal bedding fre- 
quently occur. But in many cases the coarser heaps of 
gravel and shingle do not exhibit any traces of stratification, 
the stones being piled up in dire confusion. It is remark- 
able, however, that the gravel-stones, whether small or large, 
are almost uivariably well-rounded and water-worn. To this, 
however, there are occasional exceptions, for sometimes the 

* Wi&ionj anH Antiquities of Eoxhicrghshire. By A. Jeffrey, vol. L p. 41. 
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deposits are not only imstratified but eartby,. and tlie stones 
are angular and siibangular, some even sliowing faint ice- 
markings ; and siicb accumulations are associated with heaps, 
of well water-worn gravel and hummocks of sand in, , such a 
way as to show that they all form part and parcel of, tlie 
same series. At the highest elevation reached by the kanies 
the water-worn aspect of the stones becomes, as a rule, 
much less conspicuous than it is at moderate elevations, 
say at 900 ft. above the sea down to lower levels, and 
now and again it vanishes altogether, and we then have 
heaps of d<^bris which are hardly distinguishable from 
morainic rubbish. 

Erratics do not often occur embedded in the sand and 
gravel, but they are met with in this position from time to 
time ; and doubtless if our opportunities of inspecting the 
contents of the kames were more frequent, embedded boul- 
ders would appear more numerous. It is remarkable, how- 
ever, that if they appear to be of infrequent occurrence in 
the interior of the kames, they are found often enough dotted 
over the tops and slopes of these hillocks. In some cases 
their appearance at the surface may be due to denudation ; 
they may once have been embedded in the gravel and sand, 
and only have become exposed by the gradual washing away 
of the deposits in which they lay concealed. But this has 
certainly not always been the case. Many of the mounds 
and hummocks uj)on which these erratics rest have e^ddently 
suffered little or no denudation since the period of their 
formation. The shaj)e of such heaps and ridges is undoubtedly 
original, and we cannot but conclude that the erratics in 
question were dropped upon the surface just where -we see 
them. 

Sometimes the bedding of the kames is much confused, as 
if, after the layers of sand, clay, and gravel had been laid 
down in a lioriKontal or nearly horizontal plane^ some force 
had squeezed and pushed them out of place, twisting, folding, 
and crumpling them up; but this, as far as my experience 
goes, is not a common occurrence. 

Associated with the sand and gravel, we here and there 
come upon deposits of silt and clay which have occasionally 
been worked for brick-making. These beds are tisualty finely 
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laminated. But neither in them, nor yet in the sand and 
gravel, have any organic remains been discovered. 

In some hilly districts we find the slopes of the ground 
fringed, at nniform levels, with shelves and ter- 
races of sand and gravel. These shelves and 
terraces generally dip outwards and downwards, 
with a gentle inclination from the high grounds 
against which they abut. Occasionally, several 
such platforms occur in succession, and, when seen 
in profile, resemble giant staircases. The deposits 
of which they are composed are usually more or 
less well bedded, and consist of gravel and sand, 
with which clay is sometimes intermingled. The 
deposits, however, are not always well waterworn ; 
sometimes, indeed, they consist of only angular 
or subangiilar. stones, and a kind of earth or 
earthy sand and clay. None of them has jdelded 
any organic remains. 

A very fine example of the phenomena described 






occurs at Enoch near the village of Eaglesham, 
about twelve miles south-west from Glasgow. In 
the accompanying section (Fig. 43), the general 
outline of this series of terraces is shown ; t repre- 
sents the till, s the sand and gravel, and the 
figures indicate the height in feet above the sea- ;.fe 
level. 

I have said that when we trace the sand and 
gravel drift up to high levels we find it passing 
into a rude kind of angular debris like moraine- 
matter, and that now and again similar morainic 
detritus occurs closely associated with kames. This 
is frequently the case along the base of a moun- 
tainous or hilly region, especially opposite the 
mouths of valleys. Thus in the hollow traversed 
by the railway between Perth and Crieff we find 
numerous sand and gravel hummocks, heaps, 
ridges, and undulating flats closely associated with 
banks and mounds of earthy sandy debris full of 
large erratics, numbers of which are also sprinkled over the 
surface of the mounds. These, there can be no doubt, are 
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moraiiies belonging to the same date as tlie gravel deposits that 
surround them. Similar appearances may be noted along the 
foot of the Cheviot Hills, especially where the valley of the 
Kale opens out upon the low grounds of the Teviot. A large 
moraine with associated hummocks of gravel and sand can be 
seen a little to the south of Eckford, and similar heaps of 
morainic and waterwom detritus occur at the foot of the hills 
near Morebattle. In many other places where the Lowlands 
approach the mountains the same phenomena may be studied, 
as along the base of the Moorfoots and the Lammermuirs, 
and on the low grounds at the foot of the hilly and moun- 
tainous districts in Ayrshire, Galloway, and Bumfriesshire. 
Even in the Western Highlands a similar commingling of 
sand and gravel heaps and moraine-matter may be observed, 
SGattered over the undulating moory tracts that lie along the 
lower reaches of some of the sea lochs, as in the neighbour- 
hood of Gonnel Ferry and Dunstaffnage. 

As ive proceed from the low grounds into the mountain- 
valleys, the gravel deposits become coarser and the morainic 
matter assumes a more tumultuous aspect Here we begin 
to meet with rude accumulations of earthy and rocky ddbris 
mixed with coarse gravel and sand, and large angular un- 
polished blocks — deposits exactly resembhng that angular 
rubbish with large erratics wdiich has been described in 
Chapter XVIIL as being more or less thickly scattered over 
hill-tops and mountain-slopes at high elevations in the High- 
lands and Southern Uplands, Like this latter, the deposits 
I now refer to are sprinkled loosely over the mountain-slopes, 
but in many places they assume a more or less distinct shape, 
so as often to form rather striking objects in a landscape, 
rising as they sometimes do in the throats of rugged moun- 
tain-glens into abrupt concentric ridges and mounds — the 
convex faces of which invariably look down the valleys. 
Frequently the "whole bottom of a valley is covered with these 
deposits over wide areas — the ground presenting a very hum- 
mocky outline. Erratics of all shapes and sizes strew the 
surface of the cones and mounds and ridges, and are scat- 
tered over the bare rock itself. Excellent examples of these 
phenomena will be found in every glen in the Highlands, 
but any one who wishes to have a good idea of their general 
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character can hardly do better than visit Strath Bran and 
Glen More in Koss-shire, which are now so very easy of 
access. Even in such mountain- valleys we shall find that 
the coarse moraines are often associated with heaps of sand 
and gravel, which not infrequently cannot be distinguished 
from the similar mounds that occur in the kame-areas of the 
Lowlands, while terraces of gravel and sand occur ever and 
anon fringing the valley-sloj)es often at considerable heights 
above the present streams. 

The higher valleys of the Southern Uplands furnish us 
with similar phenomena. In the wild district of Galloway 
we find the moimtam-slopes abundantly coated with angular 
ddbris and erratics, and numerous true moraines associated 
with coarse gravels crowd the bottoms of the valleys that open 
out from the Merrick and other heights of that region. In 
the Peeblesshire uplands moraines are not so numerous, but 
well-marked ones occur at Loch Skene and a few other valleys 
in its neighbourhood. I have noticed true moraines also at 
the heads of certain valleys in the Cheviot Hills, but they are 
comparatively insignificant. 

If there have been many opinions held concerning the 
mode of formation of till, there have been, just as many 
theories offered in explanation of the origin of kames. Some 
writers have insisted that these find their nearest analogues 
in the terminal moraines of Alpine glaciers, others have main- 
tained their fluviatile origin, while a yet larger number of 
observers unite in ascribing them to the action of the sea. 

In the first edition of this work I showed that they could 
only have been the result of fiimatile and torrential action ; 
their distribution being enough of itself to prove, as we shall 
presently see, that this must have been the case. But as I 
held at that time the still generally received opinion that a 
period of submergence followed upon the disappearance of the 
great glaciers, I thought that some of the peculiar appearances 
presented by the kames might have been due to subsequent 
marine action. Later researches, however, in some of the 
Border counties, along the southern slopes of the Perthshire 
Highlands, and in the Long Island and West Eoss-shire, have 
rudely shaken my belief in the '" great submergence,'^ and I 
now feel strongly inclined to agree with Mr. Jamieson that 
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BO considerable submergence bas oyertaken tlie Seottisli area, 
since tliat of wbicb tlie intercalated sliell-bed near Airdrie is 
a notable relic. Tlie whole question of tlie origin of tlie 
kames, however, is beset wdth difficulty, and I am still far 
from thinking that we have found the true esplaiiation of all 
the peculiar appearances they present. That the deposits 
are, in the first place, of freshwater origin can be satisfac- 
torily proved; and that the sea has had no share in subse- 
quently modifying them can be shown to be at least highly 
probable. Let me now try to point out the line of reasoning 
which has led to these conclusions. 

It appears to hold generally true of all the larger areas of 
tliekame deposits that these occur in valleys at or near where 
the rivers escape from the confined moimtain-glens or upland 
dales to enter upon the broad low grounds. And not only 
so, but the extent of the gravel beds seems frequently, if not 
always, to be in direct proportion to that of the drainage-area 
in which these occur. When this last is very extensive the 
kames almost invariably attain an extreme develo23ment. On 
the other hand, when the river system is comparatively insig- 
nificant, so likewise are the deiDOsits of sand and gravel that 
cumber the ground where the main valley begins to ojpen 
out upon the Lowlands. A few examj^les will illustrtite my 
meaning. 

If the Ordnance Survey map (sheet 23) be examined, it 
will be observed that the river Clyde, after leaving the hilly 
country through which it flow^s in a general northerly direc- 
tion, suddenly turns to the w^est, near wiiere it is crossed by 
the Caledonian Eailway, so as to skirt for some miles the base 
of the uplands from which it has just escajped. Immediately 
to the north of this westerly part of the river’s course (in the 
neighbourhood of Carstairs and Carnwath) the ground rises 
in a very gentle incline, and undulates away to north and 
3iorth-east for several miles, at a general level of little more 
than one hundred feet above the river. It is |)recisely here 
wfrere ^Ye encounter a wddesjiread series of kames, cones, 
mounds, and banks of gravel and sand. Standing among 
these hillocks and turning towards the south w-e look right 
up the valley of the Clyde and into the great Southern Up- 
lands. But the gravel deposits in this case are not restricted 


UPPER DRIFT OF SCOTLANJD. 219 

to tlie low gromicls on the northern slopes of the river-Yalley. 
Considerable heaps of gravel and sand may be traced up to 
and even beyond Lamington, at heights which could not 
possibly be reached by the present river, and these deposits 
are clearly a continuation of the similar accumulations near 
Carstairs. 

Some four or five miles below Carstairs the Clyde receives 
on its left bank the tribute of the Douglas Water, a consider- 
able stream, draining a large area. It takes its rise on the 
slopes of Cairn Table, at a height above the sea of 1,500 ft., 
and reaches the Clyde after a course of fifteen or sixteen 
miles. In the lower reaches of its valley we find numerous 
heaps and mounds of gravel and sand, and the same de]30sits 
are cut through by the Clyde opposite the mouth of the 
Douglas Water. These deposits, however, are by no means 
so extensive as those in the neighbourhood of Carstairs. 

Another considerable assemblage of mounds, hillocks, banks, 
and undulating flats of sand and gravel occupies a similar 
position in the valley of the Kale Water, between the base of 
the Cheviot Hills and the river Teviot, near Ecldord. This 
is a rather striking example of the phenomena under review. 
The Teviot here runs north-east, skirting the outlying spurs 
of the Cheviots, which are seen rising up boldly in the south. 
After receiving Jed and Oxnam Waters, the river suddenly 
wheels away from the hilly ground and makes directly north 
for the valley of the Tweed, being joined about a mile below 
Eckford by the Kale Water. From this point the whole 
vallej^ of the Kale, up to where the stream escapes from the 
Cheviots, at Morebattle, is more or less covered with gravel 
and sand, which rises into banks and mounds, and extends 
in broad undulating flats. Similar deposits are seen opposite 
the junction of the Kale with the Teviot on the west bank of 
the latter river. None of these accumulations could possibly 
have been formed by the present streams ; they are not only 
too extensive, but they occur also at too great an elevation. 

We find similar appearances characteristic of the Lammer- 
muir districts. The Whiteadder Water, for example, after 
leaving the Lammermuir Hills, enters upon a low-lying undu- 
lating country, which is thickly strewn with sand and gravel 
over an area many square miles in extent; and the great 
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bulk of tliese deposits is strictly confined to tke drainage- 
area of the water. Along the northern flanks of the same 
hills similar phenomena recur, the low grounds being plenti- 
fully coated mth gravel and sand opposite the mouths of the 
larger ujiland valleys. 

On the opposite slopes of the Forth Basin excellent 
examples are not wanting. Considerable accumulations of 
gravel and sand extend along the low grounds of Kinross-shire, 
opposite the valleys that open from the Ocliils. Again, if 
we follow the course of the Leven we shall find that, shortly 
after leaving the Loch, it flows through a great series of 
mounds, hillocks, and banks of gravel and sand, which are 
especially well seen at Leslie and Markinch. 

Reference may also be made to the great sand and gravel 
heaps that occupy the low grounds at the base of the Kilsyth 
Hills, within the drainage-area of the Garron Water. 

Mounds, irregular banks, and extensive sheets of the like 
materials attain a very considerable development along the 
great trough that lies between the Perthshire Highlands and 
the Ochil Hills. It will be found throughout this wide tract 
that the sand and gravel appear most abundantly opposite 
the mouths of the large mountain- valleys. 

In Forfarshire, and indeed along the whole north-east of 
Scotland, we invariably find that the greatest gatherings of 
gravel and sand ai'e collected in similar positions, and that 
they frequently ascend the larger valleys for long distances. 
Vast deposits, for example, crowd the valleys of the Don, the 
Dee, and the Ythan, and the same appearances are repeated, 
as Mr. Jamieson has shown, in the rivers that drain north 
east into the Moray Frith, as for example the Deveron, the 
Spey, and the Findhorn. In the neighbourhood of Inverness 
like masses of water-worn materials form conspicuous objects 
in the Vale of the Kess, and at the head of the Beauly Frith 
the lower reaches of the Farrar exhibit similar accumulations. 

In aU the cases no^v cited, and many more might be given, 
the extent of the gravel and sand deposits, 'which frequently 
assume the form of cones, peaks, and ridges, is invariably 
proportionate to the drainage-area of the valleys in which 
they occur. The same fact becomes more conspicuous when 
we limit our attention to any weU-defined hilly region of the 
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central Lowlands. Take, for example, tkat broad, undulating 
billy district, wliicb, beginning at the Frith of Clyde, extends 
south-east along the borders of Renfrewshire, Ayrshire, and 
Lanarkshire, until it gradually falls away into the valley of 
the Clyde, near Strathavon. (See Plate YI,, p. 146.) This 
wide district forms the watershed between the Irvine and 
numerous small tributaries of the Clyde. 

Along both banks of this wide, hilly, and moorland dis- 
trict it holds generally true that all the larger accumulations 
of gravel and sand are disjDosed at or near where the streams 
leave the hills and enter upon the low grounds- — the extent 
of these deposits being in proportion to that of the drainage- 
area and the height of the watershed. Valleys draining a 
limited district of low’ elevation have no marked accumulations 
of gravel and sand at their mouths ; on the other hand, 
valleys draining from lofty sheds invariably contain in their 
lower reaches extensive deposits of gravel and sand, which 
are frequently heaped up into mounds, and the larger the 
valley the bulkier the accumulations of water-worn materials. 
These j)henomena are well illustrated by the valleys of the 
Dusk, the Lugton, the Crawick, and the Crawfurdland 
Waters, and by the Avon and its tributaries — the Glengavel, 
the Calder, the Kype, and the Lochar Waters. 

We may now glance very briefly at some of the low^-lying 
districts in the extreme north of Scotland. Some reference 
has aheady been made to the glacial phenomena of Lewis. 
The northern portion of that district may be described as a 
wide undulating moorland, no portion of which rises higher 
than a few hundred feet above the sea. It is drained by 
several inconsiderable streams flowing from the central axis 
of the island to north-west and south-east. In the extreme 
south there rises a bold line of mountains, against which the 
moorlands somewhat suddenly abut. But from this moun- 
tain district only one large valley opens upon the low 
grounds to the north, and this hollow^ is entirely occupied by 
Loch Langabhat. 

Now, nowhere in Lewis, neither in the undulating moor- 
lands to the north, nor along the slopes of the mountains in 
the south, do any heaps of gravel and sand occur. Not a 
single trace of kames is to be met with in any part of that 
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region. A similar absence of gravel mounds and heaps, as 
Mr. Jamieson has remarked, characterises the great flats of 
Caithness. 

Enough, perhaps, has now been said to give the reader 
some notion of the mode in which the larger accumulations 
of gravel and sand are distributed throughout the country. 
A word or two maybe added in regard to certain appearances 
presented by the deposits themselves. 

I have said that in the case of the larger valleys and glens 
the gravel beds frequently ascend these hollows for some 
distance. When this happens these deposits almost invari- 
ably give evidence to show that they have been carried along 
by a force acting in a direction down the valley. This is 
most conspicuous in the long flat-topped banks and irregular 
terraces with an undulating surface, but it may also be some- 
times noticed in the lower or undermost portions of well- 
marked ridges, or typical kames. Abundant evidence on 
this head will be found in the valleys of the Tweed and some 
of its tributaries; in the upland districts traversed by the 
Clyde ; in Amiandale, and many other drainage-areas in the 
south of Scotland. Mr. J amieson, several years ago, recorded 
the fact in reference to the great valleys of the Spey, the 
Findhorn, and other rivers in the north. 

Another peculiar appearance has next to be noticed. When 
the gravel beds are traced far up the valleys, they are fre- 
quently seen to pass into a kind of earthy angular debris, 
and the same kind of angular earthy stony rubbish is often 
found to form the upper limits of the sand and gravel series 
when these deposits are followed up the sides of the valleys. 
This angular debris is not to be confounded with that coarse 
rubbish which the frosts are yearly sprinkling over steep 
mountain-slopes. It forms in places distinct mounds, which 
are usually quite unstratified. Such angular gravels are well 
developed along the foot of the Moorfoot Hills. They bear a 
close resemblance to the morainic rubbish which accumulates 
in front of an Alpine glacier, and a close search among them 
will sometimes detect a glaciated stone or two. But for 
many reasons, which will presently appear, it is often 
extremely difficult to say what relation the kames and 
mounds of the low grounds bear to the angular rubbish and 
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perclied blocks of tke mountam regions. These kames, as we 
liaYG seen, form part and parcel of vast gravel and sand 
deposits which frequently ascend the valleys for great dis- 
tances, until, as just stated, they pass into a kind of loose 
morainic debris. Now the sides of such valleys are usually 
sprinkled with moraine-matter, and dotted over with erratics, 
from the head of the valley down to the low grounds. When 
this is the case it is clear that the gravel and sand occupying 
the bottom of the valley must be of more recent date than 
the coarse debris that hangs upon the mountain-slopes on 
either side. The gravel beds of the Tweed at and above 
Drummelzier, for example, are clearly of more recent forma- 
tion than the morainic debris over which and against which 
they lie. But the more typical assemblages of kames usually 
occur upon the low grounds just beyond the mouths of the 
valleys in places where there is as a rule no morainic debris 
to be seen. Cases, howevei', do occur where well-marked 
kames run along hill-sides which are sjDiinkled with moraine- 
matter and dotted with erratics, in such a way as to show 
that these last were deposited before the kames. 

One other fact remains to be mentioned. In all the 
valleys that contain gravel and sand in any quantity both 
the till and the morainic debris have suffered extensive 
denudation — -often all that is left being a few large boulders 
scattered here and there along the sides of the valleys. Nor 
can we be in doubt as to the direction from which the 
denuding agent came ; for while the till and morainic debris 
have been stripped from the faces of such knolls and pro- 
jecting rocks as look up the valley, the same deposits are 
found sheltering in the rear. And again one may note how 
sand and gravel banks in such valleys often appear in a 
similar manner, stretching out from behind more or less pro- 
minent bosses of rock, and bearing every mark of having 
been accumulated just as we see them. 

Now putting these various considerations together the 
conclusion seems forced upon us that all those accumulations 
of water-worn materials whose peculiar distribution has now 
engaged our attention; owe their origin to currents that once 
flowed domi the valleys. And not only so, but we must 
also admit that those currents were proportionate in size to 
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the extent of each particular Tallej-sj’stem in which such 
aecumulations are found. In short, we can only, as I think, 
account for the appearances described by attributing the 
deposition of the greater areas of gravel and sand to river- 
action. But if so, then the rivers must have greatly sur- 
passed ill volume and breadth their present puny represen- 
tatives. It is impossible to conceive that the masses of 
gravel and sand occupying the lower reaches of the upland 
valleys, and some of the highland glens, could be laid down 
by rivers like the present, even although these were to con- 
tinue in constant flood. Some great change has taken place 
since the old gravel beds were deposited — the amount of 
water circulating in the valleys has in some way vastly 
diminished — some of the rivers have even ceased to flow in 
their old courses and are now working out for themselves 
ne^v channels — driven from their former beds by the huge 
heaps of detritus which they themselves, at some early 
period, carried down from the mniintain regions. 

The explanation aj>j)ears to be simply this. The great ice- 
sheet underneath which the till accumulated continued to 
retire until, as already described, it was reduced to a system 
of gigantic local glaciers. In summer-time the streams and 
rivers would be vastly swollen by the water derived from 
melting snow and ice, and from drenching rains. Great 
currents would sweep down the valleys, carrying with them 
the angular debris derived from terminal moraines andTrom 
freshets rushing down the slopes of the hills. As this debris 
was hurried along, it would gradually be rounded by attrition, 
and eventually pass into good gravel. At the same time the 
till and ancient morainic debris over which the river rushed 
would be denuded and w^ashed away from exposed positions. 
As the valley widened tbe river also would expand and begin 
to deposit material ; if, however, the valley continued com- 
paratively narrow until where it suddenly opened into the 
low grounds, then the river would suffer but little gravel to 
gather in its course, but -would sweep everything on-ward 
until it escaped from the hilly regions, when it would at 
once expand and throw down the major portion of its burden. 
One may still see upon a small scale how this process was 
carried on, by examining the behaviour of such little moun- 
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tain brooks as are liable, upon every thunder shower, to be 
converted into roaring torrents. When these torrents are 
swollen with rain, they rush impetuously downward, often 
completely filling the deep gullies in which they flow. 
Arrived at the base of the mountains, they immediately 
spread out and deposit heaps of stones, ddbris, and coarse 
sand. In course of time long sloping banks are thus formed, 
which expand in fan-shape from the foot of the gullies. 
When but little water is flowing the brooks employ them- 
selves in cutting courses through that thick debris wduch 
only sudden floods could have enabled them to carry. 

The larger areas of gravel and sand are, therefore, strictly 
analogous in origin to the heavy masses of gravel and coarse 
sand that strew the beds of Alpine valleys. Those who are 
familiar with the appearances presented by such areas as that 
of the Aar, the Ehone, and other well-known Swiss districts, 
or by the glacier valleys of Norway, as that of the Justedal, 
or the smaller but even more interesting ones of Fondalen, 
will be the first to recognise the close similarity of the Scottish 
gravel beds to those characteristic of glacier regions. 


CHAPTER XX. 


UPPEE DRIFT DEPOSITS OF SCOTLAND — Continued. 

Glacial lakes.— Parallel Roads of Glen Roy.— High-level terraces at Eaglesham, 
Lanarkshire; in Moorfoot Hills; in Kithsdale, &c.^ — Eames crossing from 
one drainage-area into another. — Origin of kames in valleys^ of Sontheni 
Uplands. — Kames at base of Lammermnir Hills. — ^Torrential origin of 
certain kames. — Recapitulation. 

8 0 far as we liaye yet gone into tlie subject we baye bad 
no difficulty in assigning by far the larger proportion of 
the sand and gravel series to the action of swollen rivers and 
torrents that escaped from melting glaciers. The peculiar 
distribution of these water-rolled masses in and opposite the 
mouths of mountain and upland valleys leaves us in no 
<ioubt as to their origin. But there are many kames and 
mounds and elevated shelves, ledges, and terraces of gravel 
and sand which bear no a|)parent relation to valleys. 
Sometimes, as I have said, we find them ranging across wide 
open moorlands, at other times they occur upon water-sheds, 
and not infrequently they can be traced up one valley over 
the dividing coZ into quite a different drainage-area. Again, 
they occasionally appear fringing the slopes of hills and 
mountains, in positions and at elevations where it is plain 
that no mere river issuing from the end of a glacier could 
possibly have deposited them. It is the knowledge of such 
remarkable phenomena as these which has chiefly weighed 
with geologists, ' myself amongst the number, in attributing 
the formation of some portion of the drift sand and gravel 
series to the action of the sea. I now feel persuaded, how- 
ever, that this view is erroneous, and that all the drift sand 
and gravel scattered up and down the interior of the country 
is of freshwater origin. To illustrate the mode in which I 
believe those abnormally situated heaps and ridges of water- 
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worn materials to liaye been formed, I shall describe one or 
two examples. 

In a previous chapter I have pointed out that during the 
retreat of the great glaciers from the Lowlands, it frequently 
happened that glacial lakes formed in lateral valleys in the 
mountainous districts, and even at comparatively low levels. 
At that period the main valleys continued to be occupied 
with massive ice-streams, while the glaciers had either dis- 
appeared from, or become greatly reduced in, the smaller 
lateral and tributary valleys. In these last, therefore, the 
streams i?ere dammed back by the ice of the main glaciers, 
and thus gave rise to glacial lakes. In the district of 
Lochaber, for example, it is well known that the slopes of 
certain valleys are fringed with successive horizontal shelves 
of coarse angular shingle and debris which are believed to 
indicate the margins of ancient glacial lakes. These are the 
famous '' Parallel Roads.'' 

In Glen Roy there are three distinct shelves, 856 ft., 
1,065 ft., and 1,149 ft. respectively above the level of the 
sea. At one time these shelves were thought to be old sea- 
beaches, and this continued to be the general belief even after 
Agassiz had suggested their lacustrine origin. The later 
observations of Mr. Jamieson, however, would seem to have 
convinced most geologists at last that the glacial-lake theory 
is the true explanation of the phenomena. A massive glacier 
descending from Glen Treig filled uj) Glen Spean, and thus 
formed a barrier to the escape of water from Glen Roy. 
Along the margins of the lake thus formed angular shingle 
and debris collected — derived in great measure, no doul 3 t, 
from the degradation of the rocks under the influence of 
frost. As the icy barrier decreased, either by gradual melt- 
ing or by sudden rupture, the lake was lowered, and thus 
another terrace of debris gathered along the slope of the 
valley at a lower level than the former. The farther 
shrinking or bursting of the ice in like manner again 
lowered the lake, and so gave rise to the third and lowest 
shelf. 

It is not necessary that I should enter here into all the 
arguments which can be brought against the marine theory. 
Those who desire to inquire more fully into the subject cannot 
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do. better tliaii I'ead tbe rery excellent aceoiints of tlie Parallel 
Roads given by Chambers in his “ Ancient Sea Margins/' and 
by Mr. Jamieson in the Geological Society's, Joiim.aL The 
bibliography of these remarkable terraces is a somewhat 
copious one, as will be seen from the note below, wliicli is 
by no means exhaustive/'*' One' very good proof of .their 
non-rnariiie origin is the fact that the highest terraces, 
althoiigh they go up to the summit-levels between two glens, 
yet do not reach a greater height nor cross these cols into the 
open valley beyond. This is just as we should expect, on 
the supposition that the teiTaces mark the margin of an old 
lake ; for when the water reached the summit-level between 
two glens (such, for example, as that between Upper Glen 
Roy and the valley of the Spey), it would immediately 
overflow, on the same principle as a cistern with its escape- 
pipe. But if the terraces were marine we should be at a 
loss to account for this connection between the highest 
terraces and the summit-levels. It would be very extraor- 
dinary to say the least, if the sea had reached just to the 
cols between the glens and never any higher. Again, one 
may well ask why Glen Roy and the little glens in its neigh- 
bourhood should be favoured above all other highland glens 
with sea-beaches. There is no reason in the world why such 
shelves (if they really he ancient sea-beaches) should not 
occur abundantly in the valleys, not only of the Highlands 
but of the Southern Uplands also. A visit paid to Lochaber 
some years ago left me no alternative but to conclude with 
Agassiz, Jamieson, and others, that a glacier did at one time 
fill Glen Spean, and that dming the existence of this local 
glacier Glen Roy, owing to its limited drainage-area, could 
not support a glacier big enough to fill its own vallej?'. 
Under such conditions this valley must in the very nature 
of things have filled with water, and so shelves and terraces 

* “ Gn the Parallel Roads of Glenroy ” (Macculloch), Trans. GeoL Soo.y First 
Series, vol. iv. p. 314 ; the Parallel Roads of Lochaber” (Dick Lauder), 

Trans. May. Soe. ix. ; EMn. Phil. Jour., vol. iv. p. 417 ; “Observa- 

tions on the Parallel Roads,” &e. (Darwin), Phil. Trans.^ 1839, p. 39 ; “ Account 
of the Parallel Roads of Glenroy in Invernesshire,” Edm. JSfeio. Phil Jour., 
vol. xxvii. p. 315; “ On the Parallel Roads of Lochaber,” &e. (Milne-Home), 
Trans. Poy. Soe. EMn,, vol, xvi. p. 395 ; Proc, Boy, Soe. Edin., vol. ii. pp. 124, 
132; Edin. Pfeto. Phil, Jour,, voL xliii. p. 339; “On the Parallel Roads of 
lochaber” (J. Thomson, M.A.), Edin, Mio Phil. Jour., vol. xlv. pp. 49, 404. 
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would form, liaving precisely the same character as those 
that are found tringing its slopes/"* 

Here, then, we have a good example of high-level terraces, 
tlie freshwater origin of which appears siifiSciently obvious. 
To form terraces like the Parallel Roads the damming up of 
a valley by a sufficiently lofty barrier is all that is required. 
In the next example, however, we have a series of terraces 
which are by no means so easily explained. The terraces 
referred to are shown in Fig. 43, p. 215. Any one may see 
that these have been deposited in crater, which, when the 
upper terrace was being formed must have washed the slopes 
of the Dunlop and Strathavon Hills at a height of 800 feet 
above the present sea-level. By referring to the map, Plate 
YI., p. 146, the reader will observe that the hills, upon the 
slopes of which the terraces occur, form the watershed between 
a number of feeders of the river Clyde that flow towards the 
north, and certain streams that go south to join the rivers 
Garnock and Irvine. Towards the east the hills fall away 
into the vale of the Avon, which unites with the Clyde near 
Hamilton. The terraces, as I have said, skirt the open hill- 
side ; they do not lie in any deep valley, neither is there any 
spacious mountain-glen from which we might suppose some 
massive glacier to have protnxded and dammed up a water- 
flow in the same way as the glacier of Glen Spean dammed 
up the water in Glen Roy. Standing on the terraces them- 
selves we find ourselves overlooking the broad vale of the 
Clyde, with no higher ground than our own betw^een us and 
the Campsie Fells. Here, if anywdiere then, w-e seem to have 
relics of old sea-beaches, and such indeed I at first took them 
to be. To be sure there is not a single trace of any marine 
organism to be met with, and the deposits themselves do not 
strike one as being characteristically littoral ; in some places 
indeed they consist rather of an earthy angular debris than 
gravel. Yet, how otherwise can we account for them ? 
Surely the water that spread them out along the slopes 
behind Eaglesham must have stretched away north for sixteen 
miles at least, until it abutted against the Kilpatrick Hills and 

* The Rev. T. Brown recently obtained from the deposits forming one of the 
shelves a number of freshwater diatoms, which were determined by JProfesaor 
Dickie of Aberdeen. Ho trace of any marine organism was met with. JPw. 
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the CaBipsie Fells ? It is not necessary, however, to suppose 
that the water extended so far. 

Let me recall to the reader's remembrance some of the 
phenomena that would j)resent themselves during the .dissolu- 
tion of the gi’eat iee-sheet. I have pointed out (see p. SOI) 
how, as the surface of the mer de glace became lowered, the 
higher hills of the lowland districts would begin to appear. 
Among such hilly tracts that broad ridge of high ground that 
extends along the county boundaries of Eenfrew, Ayr, and 
Lanark is one of the most conspicuous, for it reaches 
in places to a height of more than 1,230 ft. above the sea. 
The time must have come, then, when the 'mer de glace 
melted away from the higher parts of the Strathavon and 
Dunlop Hills until its surface had sunk to the level of 
800 ft. At this period these hills would form an island in 
the sea of ice, from which in summer-time streams would 
flow north and south just as they do now. But as the heavy 
snows that had gathered over the hills and moors in winter- 
time would melt during the short but warm summer, it is 
evident that very large bodies of water would descend to the 
margin of the mer de glace. According to the astronomical 
and physical theory supported in these pages the heat 
received from the sun would be much greater then, for 
although the eccentricity of the earth’s orbit was diminishing 
it was yet considerably larger than it is at present ; and con- 
sequently the torrents and floods of water set free by the 
sun’s heat would far exceed any rushes of water which the mild 
summers that we now enjoy could have disengaged under the 
like circumstances. In Norway and the Alps the glaciers 
melt away in summer-time to some extent from the slopes 
that form their lateral boundaries, and it is often possible 
for one to make his way for some distance below the ice, 
which seems to shrink as it were from contact with the heated 
rocks. Betw^een the mountain-slope and the frequently over- 
hanging sides of the melting glacier torrents of water often 
make their way over a rough bottom of rocky debris, gravel, 
and boulders. Now, as Mr. Jamieson has shown, ^ something 
like this, only on a larger scale, must have taken place in 
Scotland during the melting of her ice-sheet The margin 

* Quart. Jour. Geol Soe., 1874, p. 329. 
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of the mfjT de glace would retreat, as it were, for some 
distance from the slopes of the Dunlop and Strathavon 
Hills, while a raging torrent, derived partly from the thaw- 
ing snow of the hills and partly fi'om the melting of the ice- 
sheet itself, would rush along the broad trench formed 
between the slopes of the hills and the edge of the great 
glacier. Here and there, where the hill-slopes retired so 
far as to form a broad bay, the water would spread itself 
over a wider area, and the debris and gravel and sand which 
it hurried along would in such places be distributed more 
or less evenly over the bottom. But in places where the 
whole space between the margin of the ice-sheet and the 
hills was coursed over by a tumultuous rush of w'aters, it is 
clear that the detritus could not be so evenly spread out, but 
would be heaped up in irregular mounds and ridges, whose 
trend would coincide in direction with the flow of the water. 

Such are the results one wmuld naturally expect to follow 
from the melting of the ice-sheet in a hilly region like that 
under review. And the appearances now visible certainly 
seem to tally very closely with the conditions inferred. The 
terraces of gravel described above occupy an embayed recess 
of the hills, and passing eastwards from them at about the 
same elevation (nearly 800 ft.) we follow the spoor of the old 
torrents in a remarkable series of ridges, mounds, hummocks, 
and flats of gravel, with occasional patches of sand, which lead 
us along the face of the hills at a gradually decreasing eleva- 
tion by Clachearn, Cladance, and Chapelton, into the vale of 
Strathavon. The two lower terraces mark the successive 
lowering of the old lake or bay by the melting of the ice 
barrier ; it is quite possible, however, that this may have 
been suddenly effected by the instantaneous giving away of 
some part of the glacier and the opening of a readier outlet 
for the water. 

Terraces resembling those at Eaglesham have been detected 
in other hilly districts. I have met with some good examples 
in the Moorfoot Hills, at a height of 1,050 or 1,100 ft., which 
I now believe have been formed in the same way as the 
gravel flats of the Dunlop and Strathavon Hills. Still farther 
south high-level shelves of gravel and sand have been detected 
by my colleague, Mr. H. M. Skae, in Nithsdale, at a height 
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,of 1,25|0 ft. above the- sea. These, he agrees with ' me in 
thinking, have probably been deposited in a temporary lake 
during the melting of the r^ier de glace, and trhile a. massive 
stream of ice yet occupied the broad vale of the Nitli. Several 
instances of the occurrence of stratified accumulations, of sand,, 
gravel, clay, and silt, at considerable elevations in the Northern 
HighL'iuds, are given by Mr. Jamieson;* and at one time he 
was inelined to consider these as of marine origin. But that 
notion was’ subsequently abandoned by him, and he now holds 
tliat none of the unfossiliferous stratified drifts of the interior 
of tlie country can be accounted for by the action of the sea. 

I have mentioned the feet that kames and hummocks of 
gravel and sand may occasionally be followed up a valley to 
its ml, and even across that into the drainage-area beyond. 
When this is the case it invariably happens that the col is 
one of the lowest in the hilly regions where it occurs. And 
if we reflect for a little upon what would happen in such a 
hilly region when the ice-sheet was melting away and becom- 
ing divided into a series of larg-e local glaciers, w’e shall hanily 
foil to see that in those valleys wiiose ml% ’were lowest, the 
glaciers would disappear more rapidly than they would in 
valleys that drained higher elevations and wider gathering 
grounds. Let us conceive then, that torrents and floods are 
sweeping along heaps of detritus between some given hill- 
slope and the margin of the ice-sheet, just as we saw must 
have been the case near Eaglesham. It is evident that the 
tumultuous rush of ^vater will overflow the dividing ridge 
ivherever that sinks to the level of the glacier, and will 
thereafter descend the valley beyond. Should a glacier still 
occupy this smaller valley, then it is most probable that the 
water will flow between it and the hill-sides that bound it, so 
that when it finally melts awrry ridges and heaps of shingle 
and gravel wdll be found fringing the hills at some height 
above the bottom of the valley. And these we shall be able 
to trace more or less continuously up to and even across the 
coi into the other drainage-area from which the deposits 
were derived. ' , 

I could mention many instances in which these very 
appearances are visible. Thus, in the Miiirkirk district my 
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colleague, Mr. B. N. Peacli, traced a number of gravel hillocks 
along the hill-slopes that overlook the head of the Greenock 
Water, a tributary of the river Ayr, across a narrow col into the 
valley of the Glengavel Water which joins the river Avon. The 
torrents that carried these deposits seem to have spread out over 
what is now the watershed of the river Irvine : and the evidence 
which I gathered during the geological survey of the district has 
led me to believe that a considerable glacial lake must have 
existed at that place for a long time when the ice-sheet was 
melting away. In this lake considerable accumulations of 
gmvel, sand, and clay took place ; and although these are now 
iniich denuded they still form wide flats, while traces of 
horizontal ledges cut into the rocks, and evidently marking 
old water-levels, indicate successive margins of the lake as its 
waters were drained away. No trace of anything organic was 
found in the deposits. 

I pointed out, a number of years ago, that there was 
something peculiar in the distribution of kames and hum- 
mocks in the valleys of a hilly region. In regard to the hilly 
district of Peeblesshire, I showed that these do not occur 
in all the valleys alike ; some they quite choke up, while 
from others they are entirely absent. Nor at first sight is 
there anything remarkable in the valleys themselves to 
account for this anomaly. They may be wide or narrow, 
deep or shallow, winding, or comparatively straight. But 
when the height of the various watersheds and dividing 
cols is compared with that of certain high-level shelves of 
gravel and sand, the kames are then found to be restricted 
to valleys whose cols are either at, or below, the level reached 
by the gravel terraces. From this, I inferred that the kames 
were of marine origin, and had probably been formed in 
what, during submergence, had been narrow^ straits communi- 
cating between comparatively open spaces of sea. And I 
thought further, that the absence of the gravel ridges and 
mounds from certain valleys with lofty might be 

accounted for by supposing such valleys to have formed 
quiet fiords in which no marine currents could take effect. 
But this explanation does not now satisfy me. When sedi- 
mentary deposits contain no fossils, they are, as a rule, more 
likely to be freshwater than marine. Of course, it may not 
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be , very easy:' to prove that they are freshwater, but we have 
no right to infer their marine origin, until we have first 
exhausted every possible mode of accounting for their pre- 
sence as fliiviatile or lacustrine accumulations. It is so diffi- 
ciilt to realise all the conditions which obtained during ■ the 
melting of the ice-sheet, that one need not feel surprised if 
sometimes mounds of water- worn detritus should occur in 
the most anomalous positions. Yet I think that the peculiar 
distribution of the kames in the Peeblesshire district, can 
be reasonably accounted for in the same way as those in the 
neighboiirhood of Glengavel Water. The valleys in which 
they extend up to the dividing col, are just those from which 
the glaciers would disappear soonest, and which would, there- 
fore, form the readiest channels of escape for the water 
derived from the thawing ice-sheet. The valleys that drained 
wider and more elevated regions would, on the other hand, 
long continue to be filled with glaciers, and when at last 
these had ceased to be confluent with those of adjoining 
valleys, the gravel deposits that gathered over the bottoms of 
the valleys would no longer take the form of confused heaps 
of ridges, but would spread out in undulating flats in the 
same manner as the morainic gravels, or so-called ancient 
alluvium/’ of Switzerland. 

On the hj"pothesis that the high-level terraces of gravel 
are marine, we find it impossible to account for their sporadic 
character. If these terraces be marine, why are they not 
much more common ? True raised beaches are always more 
continuous ; some of them, as we shall see in the sequel, 
extend for miles along our maritime districts, and have, 
moreover, yielded abundant fossils in proof of their marine 
origin. In the interior of the country, however, the shelves 
and terraces occur only here and there in little patches and 
show a very insignificant breadth, while they do not contain 
a vestige of any marine organism. On the supposition of 
their marine origin, how are we to account for their non- 
appearance in more or less continuous lines along what must, 
under the circumstances, have been ancient sea-margins ? 
Such terraces as do remain are often exceedingly well- 
marked ; indeed, that is their common character. They 
have siiftered very little modification since the time of their 
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formation ; sometimes they are as perfect as if the forces 
that spread them out had only recently finished their work. 
Nor is there anything in the conformation of the ground to 
show why they should have been specially exempted from 
denudationj while their supposed continuations were swept 
away. 

At the foot of the Lammermuir Hills, especially in the 
neighbourhood of West Gordon and Greenlaw, occur 
numerous kames, heaps, hummocks, knolls, and undulating 
flats of angular gravel, shingle and rounded gravel, and 
sand, which conform in their distribution to the configuration 
of the ground ; that is to say, they lie for the most part in 
the hollows, and have evidently been laid down by currents 
of water that flowed from higher to lower levels. Erratics 
now and again occur embedded in the deposits, while many 
of the mounds are crowmed with similar angular boulders of 
various rocks, all of which have been carried from higher 
levels than they now occupy ; most of them, indeed, have 
come from the west, wdiile others have been derived from the 
slopes of the Lammermuir Hills which lie immediately to 
the north. From the ‘'carry"’ of the erratics, and the dis- 
tribution of the deposits with which they are associated, it 
is clear that the main current of water flowed from west to 
east along that hollow which is now traversed by the Ber- 
wdckshire Kailway from Earlston to Greenlaw and Dunse, 
and this main stream was joined by others flowing south 
from the Lammermuirs. I may mention that the kames fre- 
quently repose upon a mass of very hard red till full of 
striated stones, and that the line of separation between the 
two deposits, when they occur together, is always very 
sharply defined ; and this, I may add, is invariably the case 
with the till and the overlying kames in every part of the 
country which has yet been carefully examined. 

A review of these, and other appearances which can 
hardly be described here,"'"' leads to the belief that when the 
kames along the foot of the Lammermuir Hills were being 
heaped up, the ice had already disappeared, or was fast dis- 

* An account of the drift phenomena of the interesting region that stretches 
between the Lammermuir HiUs and the Cheviots will be given in forthcoming 
Memoirs of the Geological Survey, descriptive of sheets 16, 17, 25 and 26 of the 
one-inch map of Scotland. 
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^appearmg, from the major portion of these uplands, and that 
heavy, torrents, which must sometimes have flooded, large 
areas of the low grounds, descended from the melting snow 
and ice. To the action of these torrents, I ascribe the 
tiimiiltiioiis hummocks of gravel and angular debris, while 
the flats of finer materials show where the torrential waters 
expanded themselves over the low grounds. The erratics 
may have come on ice-rafts; for, during winter, the waters 
would become frozen over, and erratics and boulders lying 
loosely over the deserted path of the old ice-sheet might 
now and again get encased in ice, and be carried down the 
valley on the breaking up of the ice when the flood-season 
returned. ^‘Ground-ice” might also be a means of floating 
stones and small boulders. The rafts would often drift into 
the quieter reaches of the swollen waters, and there running 
aground on sand-banlvs would drop their stony burdens. 
Not a few travelled stones might at the same time be scat- 
tered promiscously over the surface of the inundated districts, 
coming to rest sometimes upon sand or gravel, sometimes 
upon till or bare rock. 

I might go on illustrating by examples the mode in which 
the kames of Scotland may have been heaped up during the 
melting of the ice-sheet, but must confine myself to a few 
general remarks. From the examples abeady adduced, it 
will be observed that we can give a reasonable explanation 
of some of the most puzzling phenomena presented by the 
kames, without having recourse to the sea for assistance. 
We have satisfactorily accounted for those great assemblages 
of kames, &e., which crowd the lower parts of mountain- 
valleys, and are heaped up on the low grounds beyond ; 
almost all the more conspicuous areas of drift-gravel and 
sand occur, as I have described in Gha|)ter XIX., in such 
positions. We have found, also, that the appearance of 
terraces of angular shingle, and gravel, and sand at high 
levels, indicates the former presence of glacial lakes and the 
action of torrential waters ; and torrents likewise explain 
the anomalous position of certain gravel hummocks which 
extend across a watershed from one drainage-area to another. 
Again we have seen that the peculiar clistribution of the 
kames in a hilly district like that of Peeblesshire and other 
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parts of the Southern Uplands, can be accounted for by the 
unequal rate at which the ice melted away. In the valleys 
with low cols and a limited catchment/' the ice would dis- 
appear sooner than in valleys that drained loftier and wuder 
areas, and the former would therefore become the channels 
by •which the disengaged water would find the readiest out- 
let. Further, it has become apparent that the occurrence of 
erratics embedded in, or perched upon kames, or scattered 
over the surface of the low grounds in certain districts, may 
be due to the disengagement of ice-rafts during flood seasons. 

There are still some appearances, hownver, connected with 
the distribution of the stratified drift that overlies the till, 
which are hardly explicable by the modes we have just been 
considering. Such, for example, are those long linear ridges 
of gravel that occur in the central parts of broad lowland 
valleys, like the kames near Falkirk, and those that stretch 
along the course of the Tweed near Kelso. In the same 
category are the isolated mounds of sand that appear spo- 
radically in the low grounds, often far removed from any 
water-course, and w'hose distribution seems to bear no recog- 
nisable relation to the configuration of the ground. To 
explain the occurrence of these anomalously-situated deposits, 
I believe we shall be compelled to have recourse to the 
solution proposed by a Swedish geologist, namely, that 
they have been formed underneath the ice-sheet, and the 
manner in which they may have been accumulated, I shall 
proceed to describe in the next chapter. 




CHAPTER XXI. 

UPPER DRIFT DEPOSITS OP SCOTLAND — Continued. 

FrobaWe effect of subglacial waters during melting of ice-sbeet, — Long gravel 
ridges are not marine.— Origin of certain gravel ridges and sand mounds 
under ice-sbeet. — ^^lorainic origin of some gravel deposits. — Trend of gravel 
ridges coincides with direction of glaciation. — En’atics and morainic debris 
associated with kames . — Ko evidence of marine action. — Succession of 
changes. 

T^HEN the Scotch ice-sheet ceased to be confluent with 
^ ^ that of Scandinavia, its waste would be somewhat rapid. 
It has already been remarked that the great thickness attained 
by the Scotch ice in the low grounds of the country was, to 
a large extent, due to the presence of the Scandinavian ice- 
sheet in the bed of the German Ocean ; the watersheds of 
the country, as we have seen, are too inconsiderable to have 
supplied a gathering ground for the vast ice-masses that over- 
flowed the Sidlaws, the Ochils, the Pentlands, and the Lam- 
mermuirs. And we can hardly doubt that the ice accumu- 
lated to such an extent on the low grounds chiefly for the 
reason that its outward progress was stemmed by the great 
confluent glaciers of Scandinavia, which thus compelled the 
Lowlands to become, more than they would otherwise have 
been, a glaeier-ice-producing region. When this obstruction 
was removed, and even for some time before the two ice-sheets 
had ceased to coalesce, the hill regions between the Southern 
Uplands and the Grampians would begin to peer above the 
level of the decreasing ice-sheet ; while, at the same time, 
many of the narrower mountain ridges and summits both of 
the Southern Uplands and the Northern Highlands would re- 
appear, and divide the ice-sheet into separate glaciers, which, 
however, would only be separate so far as their upper extre- 
mities were concerned. The ice in the Lowlands, no longer 
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impelled by the same overwhelming vis a tergo, would now 
be impeded by obstacles which during its greatest extension 
it had previously found little difficulty in surmounting, and 
it would no more exert the same influence upon its bed. 
Over large and constantly increasing areas till Tvould cease to 
be formed, while the loose ddbris introduced from above 
through moulins and crevasses and gathering below would 
be washed down the valleys of the still partially ice-covered 
country by subglacial streams and rivers. 

Such streams, as we know, exist under all glaciers, and 
we have seen that, even during the climax of glacial cold, 
waters underneath the ice gave rise to stratified clay, sand, 
and gravel, which ever and anon were liable to be crumpled, 
contorted, and rolled over and over upon themselves and the 
till, so as to become inextricably mixed up with the latter. 
But after the ice-sheet had been greatly reduced, and a hard 
tenacious tough till (which, under enormous pressure, was 
sometimes actually squeezed tightly into the crevices, cracks, 
crannies, and sometimes even bet^ween the bedding-planes, of 
the rock below) had ceased to be formed, a coarser and earthier 
accumulation began to be accumulated here and there in its 
stead. In many places this debris would be re-assorted and 
rolled forward by tlie subglacial waters, and thus heaps of clay, 
sand, gravel, and boulders, more or less water-worn, would 
gradually be piled up. As a rule the subglacial channels 
would now remain open all the year round, and the deposits 
would therefore not be so liable to be disturbed by the action 
of the slowly-moving ice, although, sometimes, they might be 
subjected to pressure and thrown into more or less confusion. 
When the ice finally melted a^vay from the lowland valleys 
the subglacial gravels would in many cases lie beyond the 
reach of river-action, and, so escaping denudation, would often 
preserve their original contour. 

Such are some of the results -which we may reasonably 
infer wnre brought about during the melting of the ice-sheet, 
and many appearances connected with the stratified drift tally 
with them so remarkably that it is difficult to escape the 
conclusion that we have here hit upon the true explanation 
of the phenomena referred to. Thus, I think, most of the 
long gravel ridges in the central lowdand districts may be 
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:accoiiiited for.' ' Their trend, it will be fotind, eoineides as a 
rule with that of the ice-sheet, which of 'eoiirse is just the 
direction that , would be . chiefly followed by the ' subglaeial 
waters. These ridges, every one admits, could not have been 
.formed by any ordinary river-actioiij and the general ..belief 
at present is that they must be marine. It is very difficult, 
however, as Mr. Jamieson remarks, to see how they could 
possibly have been heaped up by tides. I have examined 
many of the Admiralty Charts of the British Seas, but have 
not found any submarine bank that has more than a mere 
superficial resemblance to a typical kame. There are, for 
example, a number of banks represented as occurring off the 
east coast of Ireland which, as they are drawn upon the 
charts, look not unlike the ground-plans of kames. Such are 
Kish Bank, Bray Bank, Codling Banks, and many others that 
extend parallel to the coast-line between Dublin Bay and 
Wexford Harbour. But when we come to measure them and 
ascertain their contour we find that they are very much 
broader than the broadest of our kames, while their sides are 
not nearly so steep. Nor have the shingle banks, which are 
often heaped up along a sea-coast opposite the mouths of 
rivers, a iniich closer resemblance to the mysterious kames. 
Putting aside the significant circumstance that the latter 
never contain shells wffiile the former often do, we must yet 
admit that the inclination of the sides of such gi’avel-banks 
is never so steep as the slopes of many kames, and this of 
itself alone is strongly against the presumption that both 
kinds of banks have been heaped up in the same way. More- 
over \ve cannot shut our eyes to the conclusive fact that most 
of the long sharp-ridged kames of Scotland occur far out upon 
the low grounds in positions where, during submergence, they 
certainly would not lie opposite the mouth of any ri ver- valley 
either large or small. 

All the sharp-ridged kames with steep sides are composed 
of gravel, which is often exceedingly coarse and shingly and 
usually quite unstratified — the kames of sand on the other 
hand are commonly broad-backed mounds and banks, hav- 
ing gently sloping sides ; or, more frequently still, they form 
a series of swelling hummocks and knolls, in which the bed- 
ding is generaly well-marked. The former may have been 
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formed in tlie narrower passages under tlie ice/ tliroiigli w^Hcli 
tlie waters would rush -with some force. Such passages would 
become paved in time with considerable depths of shingle and 
gravel, while the wider channels would receive accumulations 
of finer grained materials. I think it is quite possible, too, 
that where lateral channels opened into the main subglacial 
hollows there ivould often be little cross-currents that would 
give rise to confused stratification and false-bedding. Similar 
results lYOuld take place even without the assistance of lateral 
feeders to the main streams : for the volume of water circu- 
lating under the ice would be liable to considerable variation. 
It would increase and diminish with the change of the sea- 
sons ; and even during one and the same season it is easy to 
understand how the quantity of water descending by moulins 
and crevasses, or seeking its waj?- down between the ice-sheet 
and the mountain-slopes and hill-sides that rose above its sur- 
face, would vary day by day with the external temperature. 
And such constant variations in the volume of the subglacial 
streams lYOuld of itself give rise to many modifications of 
bedding in the deposits of sand and fine gravel. 

But while there does not appear to be much difficulty in 
accounting for the formation underneath the ice of broad- 
backed mounds of sand and gravel with more or less gently 
sloping sides, it is yet very hard to understand how the long 
sharp-ridged kames of gravel have received their characteristic 
outline. Dr. E. Chambers long ago suggested their morainic 
character, and there can be no doubt that in some places the 
kames do present much the appearance of terminal moraines. 
In some upland districts^ indeed, we find moraines and gravel 
heaps in such close union that we cannot doubt both were 
formed at approximately the same time. Mr. Jamieson 
remarks of certain kames in the north of Scotland that they 
often lie across valleys in long sinuous lines, forming curves 
or segments of a circle, the concavity of which is presented to 
the head of the valley, and their convexity towards the sea or 
downward end, as in terminal moraines.’' '' The material 
they consist of and its mode of arrangement point to streams 
of water flowing over the surface of the glaciers, and washing 
the gravelly debris into heaps along their margins. A mass 
of gravel reposing against the side or end of a glacier would 
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lose its support wien^ ^ ice melted away^ aucl, falling down 
in a slope, would assume the. form of a steep-sided moiind. 
Glaciers are subject to oscillations, sometimes adTaneing, 
sometimes receding, according to the varying nature of the 
seasons. Suppose the end of a glacier to push forward into 
a sheet of gravel lying in front, the result would he to force 
it up into a nioimd all along the edge of the Mr. 

Jamieson further reminds us of another resemblance which 
certain kames bear to moraines, namely, that one side of the 
ridges is often steeper than the other, — the same being the 
case, according to Si GoUomb, with imny of the old morames 
in the Yosges Mountains. That not a few of the ridges, 
mounds, and hummocks of gravel and sand which occur both 
in mountain-valleys and opposite their mouths, upon the low 
grounds beyond, may have had such an origin is exceedingly 
likely, hut the same explanation will hardly account for the 
sharp-ridged kames of gravel that run in long sinuous lines 
through tlie undulating districts of the Lowlands. These 
kames neither lie opposite the mouths of glacier valleys, nor 
can we suppose from their position that they could have been 
deposited along the margin of the decaying ice-sheet. Let 
me add further that many kames stand completely isolated 
from all other accumulations of gravel and sand. They rest 
either upon till or solid rock, and their gravelly contents termi- 
nate at once with the slope of the ridge itself. Frequently 
we shall find in a wide lowland district that the. only drift 
gravel to be met with occurs in the solitary kame that runs 
like a tortuous embankment across broad stretches of boulder- 
clay or bare rock. Nor even when such kames appear in the 
middle of a valley, up which we know the ice-sheet must 
have retired when the final , melting took ; place, do they lie 
across that valley. As far as my own experience goes, and 
it is borne out by that of my colleagues, the direction of the 
long gravel ridges in the wide valleys of central ancl southern 
Scotland, as, for example, in the Lothians and the lower 
reaches of Nithsdale and Tweeddale, invariably coincides with 
the trend of the valleys— in short, as I have remarked above, 

♦ Qmrt. Imir. ^< 0 ^^ 1374, p. 329. I would call the special attention of 
the geological reader to this paper, Mr. Jamieson’s argument against the 
marine ongin of the kames is Tery conyincmg, and his remarks 6n the mode of 
their formation are both ingenious and suggestive, 
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the ridges ran along and not across the path of the great ice- 
sheet. ' 

It is quite clear, then, that such kames must have been 
formed by currents that flowed down the valleys. Ordinary 
river-action, however, will not account for them, for they 
often lie in positions which preclude the possibility of suclx 
fluviatile origin. We seem shut up, therefore, in the present 
state of our knowledge, to the belief that they have been 
formed by subglacial water in narrow channels below the ice.* 
To these subglacial deposits would be added the stones and 
debris introduced from above, and the whole would be carried 
along the channels underneath the ice. Many of these we 
may conceive might thus be filled to a considerable depth 
with gravel and shingle in the narrow channels, and with 
laminated clays, sand, and finer gravel in the wider subglacial 
tunnels. When at last the ice melted away, we should find 
ridges and banks wiiich would preserve to a large extent the 
contour they received under the ice ; the steeper sloped 
narrow kames of gravel representing those confined channels 
whose w^alls slanted abruptly upwards — ^the broader mounds 
of sand, &c., corresponding to the more open recesses with 
gently curved roofs and sides. Such a subglacial origin 
would likewise account for the not infrequent association of 
morainic debris, angular boulders, and gravel in one and the 
same kame. Angular blocks and rubbish would often reach 
the bottom by moulin and crevasse, while the moraine 
profonde, with its faintly striated boulders and stones, w^ould 
often escape complete re-assorting and become covered up 
with gravel, into which it would sometimes appear to pass. 
But the fact that the kames rest either upon bare rock or a 
highly denuded surface of tough till, shows that a large pro- 
portion of their materials must often have been derived from 
the demolition of the old boulder-clay, f 

^ THs is tte view advanced by Mr. D. Hummel, of tbe Geological Survey of 
Sweden, in explanation of tbe gravel ridges of that country. Bqq poltea, 
cbap. xxxii. 

t Mr. J. G, Goodcbild, of tbe Geological Survey of England, recently advanced 
{Quarterly Journal Geological Soeietp, vol. xxxiV p* 75; Geological Magazine^ 
voL xi., p. 496) an explanation of tbe origin of till and its associated deposits, 
wbicb ascribes not only tbe sand and gravel but tbe till also to tbe melting of tbe 
ice-sbeet. He tbinks tbat tbe materials of wbicb all tbe drift deposits are 
composed were originally embedded in tbe ice itself, and tbat when tbe ice 
melted some of these were merely dropped, while others were assorted by the 
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I Imve mentioned the frequent occurrence of angular erratics 
on the tops and slopes of gravel ridges and sand mounds, as 
one of many puzzling appearances connected -vrith the kames ; 
and it has been shown, how in some eases these may have 
been dropt by ice-rafts set adrift during the flood seasons 
when the ice-sheet was melting out of the broad valleys of 
the Lowlands. In many, perhaps in the majority of cases, 
however, the erratics referred to seem to have been carried 
on the surface of the ice and to have been quietly dropt over 
the terminal front of the decaying ice-sheet. The subglacial 
banks and ridges, while they were gradually emerging from 
underneath the melting ice, would thus ever and anon be 
dotted with erratics and sprinkled with angular debris. And 
if the ice that covered the Lowlands had been copiously sup- 
plied with superficial moraines, no doubt the kames would 
sometimes have been completely buried under ddbris and 
erratics. But even when the hill-ranges of central Scotland 
were beginning to appear above the level of the decaying 
ice-sheet, very little angular debris would be discharged from 
these hills, which, as a rule, show few crags and cliffs from 
which blocks and stones could be dislodged by frost. Never- 

action of snbglacial streams. (This view seems to he very much the same as 
that mamtained by Professor J. D. Dana ; see chap, xxxv.) 1 have no space 
here to point out in detail how this explanation fails, as I think, to account for 
the phenomena. Ko doubt gravel and sand were formed underneath the ice by 
water-action contemporaneously with the till (and we have seen how the two 
kinds of deposit were often confusedly mingled and rolled over and upon each 
other), but the great mass of sand and gravel, the hummocks and undulating 
expanses of water- worn materials which cover such extensive areas in the low 
grounds of Scotland, Switzerland, and other glaciated countries, everywhere rest 
upon either bare rock or till, and are clearly of later date than the latter, which 
usually affords evidence of having been much denuded before the deposition of 
the overlying kames. There are other equally strong objections to Mr. Good- 
child’s views which might be stated, but without entering into controversy I 
shaU merely refer the reader to the account which I have given of the Scotch till 
and its associated deposits. It is obvious that Mr. Goodchild has left out of 
account many important facts, and that the snceession of deposits, not only in 
Scotland but in England and Ireland also, clearly indicates a series of great 
climatic changes. I have shown above that erratics may travel upwards through 
the body of the ice ; and no doubt the old ice-sheet in the time of its decay would 
ha sprinkled in many places with superficial morainic matter, much of which, 
falling into crevasses, would find its way into the heart of the ice. There is no 
reason to believe, however, that during the cliihax of glacial cold the ice would 
contain more included blocks than are seen in the great icebergs of arctic and 
antarctic seas, which of course are only fragments broken off the terminal fronts 
of vast glaciers, — erratics occurring either embedded in or resting upon such 
icebergs having been very rarely noticed, Mr. Goodchild is no doubt right, 
howevp, in hoiding that no inconsiderable portion of the water- worn and strati- 
fied drift that overlies the till has been formed by water flowing under the ice. 
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tlieless, torrents fromtlie melting snows might here and there 
sweep upon the surface of the glaciers considerable quantities 
of the earthy rubbish and stones with which the retiring ice 
had sprinkled the hill-slopes ; and grayel and sand also might 
now and again be conveyed upon the ice by torrents, and 
ivoiild travel down in the direction of its slope, to pour over the 
terminal front in the way that Mr. Jamieson has suggested/"' 
Some isolated abrupt hills in the lowland districts appear, 
how^ever, to have discharged many large blocks and erratics 
u|)on the surface of the ice-sheet, w^hich were borne onwards 
and dropt over its margin; and great numbers of similar 
erratics were show^ered upon the ice in the Highlands and 
Southern Uplands, many of which were carried for great 
distances before they rolled down the terminal front of the 
glacier to rest upon mounds of gravel and sand, some of 
which were being formed here and there as moraines 
along the sloping face of the ice, while others were slowly 
emerging from underneath as the melting of the mass con- 
tinued. 

In fine, it seems most reasonable to conclude that neither 
the w’’ater-worn and stratified drift, nor the loose angular 
debris, nor yet the erratics that lie scattered over the low 
grounds and hilly regions of the Lowlands of Scotland, give 
any indications of a former submergence of the land below^ 
the sea. The loose angular debris or morainic matter and 
erratics have been carried dowm and dropt over the terminal 
front of the ice-sheet, or have stranded upon mountain-sloj)e 
and hiU-side, or have been left lying in what once formed 
the bed of the old ice-sheet. The sand and gravel drifts 
have been produced by the action of water escaping from the 
melting ice-sheet, which re-arranged the morainic debris, &c., 
heaping it up in banks or spreading it out in undulating 
flats. Gravel ridges and sand banks appear also to have been 
accumulated by streams underneath the ice ; even the most 
elevated terraces and shelves of sand, gravel, and angular 
shingle afford no evidence of marine action, but plainly dis- 
close the former presence* of old glacial lakes and of torrents 
of fresh water. But if we were still in doubt as to whether 
the sea might not have had some share in the formation of the 
* Quart. Jour. Geot, Soe., 1874, p. 329. 
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kames and terraces, the total absence of any trace of marine 
organisms in these deposits ought perhaps to satisfy us that 
it had not I have alTrays felt that this non-appearance in 
the kames, &c., of sea-shells or other exuvim was, if not an 
insuperable, at least a very great difficulty in the way of 
accepting the marine theory, and I am therefore glad now to 
find myself in accord with Mr. Jamieson, who holds that no 
great submergence of the land superrened after the final 
disappearance of the ice-sheet. 

In the previous edition of this work I laid some stress 
upon the very frequent occurrence of erratics perched upon 
the tops and slopes of the kames, which I contrasted with 
their general absence from the interior of these peculiar ridges 
and hummocks; and I held that the erratics were probably 
dropt where we now see them by floating ice during a period 
of submergence. I found great difficulty, however, in dis- 
tinguishing between those wandered blocks and boulders 
which had been left behind upon the land by the old glaciers, 
and such erratics as might have been transported by ice-rafts 
— ^for they had one and aU been carried outwards from the 
mountains and distributed along the paths of the ice-sheet. 
For example, the boulders of grey granite which occur so 
abundantly in the deep vaUeys of the Gallow^ay mountains 
and are scattered over the hills up to a height of 1,700 ft., 
are also widely sprinkled over the low grounds at the foot of 
the mountains ; they appear as far north as the valleys of the 
Girvan and the Doon, and, along with other erratics derived 
from the same knot of mountains, appear to be distributed 
over aU the low grounds bordering on the Solway Frith. 
Blocks of the granite of Criffel are also widely scattered 
along the maritime districts of the north-west of England. 
But, as we have seen, it was precisely in these directions that 
the gigantic glaciers moved. If all, or even if any propor- 
tion, of the erratics derived from the Southern Uplands had 
been transported by bergs and rafts during a period of 
submergence, surely we might have expected to meet with 
them in the Lowlands to the north. Why, for example, 
should not they occur in the north of Ayrshire, in Lanark- 
shire, and even, in the Lothians? - The fact is, explain it as 
we may, that the erratics from the Southern Uplands never 
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appear bey Olid tile distiicts^^^w^ are known to have been 
occupied by the great glaciera of the soutb. 

The same fact holds true in regard to the boulders which 
have travelled from the Highlands, These are scattered over 
all the regions which are proved to have been covered with 
ice that flowed from the Highlands, but they never appear 
within the districts which, during the last cold period, were 
occupied by the great glaciers of the Southern Uplands. ¥et 
if rafts and bergs did carry them south, why is it that we do 
not meet with erratics from the Highlands in the extreme 
south of Ayrshire, and indeed along the whole front of the 
Southern Uplands ? We get them on . the Pentland Hills, 
and we find them on the Lammermuirs, but both rock- 
striations and till assure us that the highland ice rubbed the 
northern slopes of these hills as it sivept east and south-east 
into the bed of the German Ocean. But not a single trace 
of any highiand erratics occurs within those districts of the 
south-west and south which are plentifully sprinlded with 
the grey granite boulders from the Galloway mountains. 

An impartial consideration of these facts and of the phe- 
nomena comected with the retreat of the great glaciers, led 
me strongly to suspect that we had hitherto greatly exag- 
gerated the carrying powers of floating ice during the sup- 
posed period of submergence — in other words, that erratics 
in themselves were no proof at all of the former presence of 
an iceberg-laden sea. I now" go a step further, and hold that 
neither the erratics nor any portion of the stratified and 
re-assorted upper drifts of the interior afford any evidence in 
favour of marine submergence, but that all the phenomena 
must be attributed to the combined action of the retreating 
ice-sheet and local glaciers, and those gTeat floods and inun- 
dations that marked the gradual disappearance of arctic con- 
ditions. 

Having now reviewed the evidence supplied by the erratics, 
morainic debris, and kames, I shall attempt to point out as 
shortlv as I can the succession of changes of -which the 
phenomena we have been considering are the proofs. 

When the great ice-sheet w^as beginning to deposit' the 
more recent boulder-clay wMch is now met with in some 
maritime districts, the higher hills of the central Lowlands 
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stood above the level of tlie mer de glace islands in a 
frozen ocean. At the same time tbe nioiintain ridges of tlie 
HigHaiids and tlie bold bills of tbe Soiitbem Uplands rose up 
so as to separate tbe iee-sbeet into a series of gigantic local 
glaciers, wHch, bowever, still coalesced to form one naigbty 
stream upon tbe broad Lowlands. Frost sbivered tbe rocks 
and loosened out great blocks, wbicb eventually toppled 
down upon tbe ice below, and, along witb heaps of angular 
rubbisb, were slowly carried away. Sometimes tbe stones 
and boulders fell into crevasses or betw^een tbe ice and tbe 
rock of tbe mountain-slopes, and so got ground and polished 
on one or more sides : but they always travelled farther and 
farther off from their parent mountains. Tbe tops of tbe 
lowland bills, peering above tbe ice, caught some of tbe 
wanderers as they drifted past, but many were borne out to 
tbe terminal front of tbe ice and dropjped into tbe sea, wdiere 
they mingled with the scratched stones that were being 
pushed out from underneath tbe glaciers. 

As tbe ice continued to melt,"'^ erratics and angular debris 
were stranded at ever-decreasing heights upon tbe mountain- 
slopes and bill-sides, and at last tbe ice melted back from 
tbe sea and the glaciers then dropped them rubbisb upon tbe 
land. Much of tbe angular rubbisb, bowever, that lay 
scattered over tbe surface of tbe ice-sbeet was subjected to 
tbe action of countless streams and rivers that laved tbe 
surface of tbe ice in summer-time, just as similar currents of 
water pour over the surface of arctic glaciers, so that at 
many points along the margin of tbe melting ice-sbeet tbe 
moraines were made up to a lai'ge extent of gravel. Great 
streams of water escaping from above and below swept imicb 
of tbe morainic matter down tbe valleys, and angular stones 
and rubbisb, as they were pushed along, became rounded by 
attrition, and arranged by tbe torrents and rivers in great 
flats and hummocky heaps of gravel and sand : but in 
regions which are not traversed by great river-valleys drain- 
ing from mountainous regions, such as tbe low grounds of 
Caithness and Lewis, no gravel deposits of tbe kind were 

^ I would again remind tlie reader that some of the crossing of stria3 upon the 
rocks WM in aU prohahility caused during this recession of the ice-sheet. As 
the glaciers ceased to he* confluent, their courses would in many cases he modified, 
A good example is given in Trans. Qeuh 80c. 6 r/a 5 ., vol. iv., p. TAZ. 
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formed. At the same time torrents derived from tlie melt- 
ing of the thick snows that covered the isolated hill-ranges 
of the Lowlands carried down in summer quantities of angular 
ddbris to the margin of the ice-sheet, part of 'which was 
swept upon the ice, while part was rolled along the hollows 
that lay between it and the hills upon which it abutted, and 
either piled up in hummocks and banks or spread out over 
the bottoms of temporary lakes. Underneath the ice the 
older glacial deposits and the angular blocks and stones, 
and gravel, sand, and rubbish introduced from above through 
holes and clefts, were subjected to extensive erosion and re- 
assortment, and banks and ridges of more or less water-worn 
materials were heaped up and rolled forward in the beds of 
subglacial streams and rivers, in the quieter expanses of 
which fine clay, silt, and sand were now and again deposited. 
Large and small erratics and, here and there, angular ddbris 
travelled slowly down the broad valleys and toppled over the 
margin of the ice-sheet upon the tops and slopes of sub- 
glacial banks and ridges, as these slowly emerged from under- 
neath the thawing mass. Over wide areas, however, the 
surface of the ice-sheet showed no superficial moraine-matter, 
so that along many parts of its front no terminal moraines 
collected and no erratics were dropped upon the sand and 
gravel mounds. And even where such morainic debris did 
gather it was often ploughed down and distributed over the 
bottoms of the valleys, or piled up in heaps and hummocks 
by the swollen rivers and torrents. Hence it is that in the 
wider vales of central Scotland we find little or no trace of 
moraines which can be compared with those that occur in 
Alpine valleys ; such morainic matter as we do meet with 
being always associated with heaps of water-worn detritus. 
The winter cold was still extremely severe, consequently the 
rivers in winter-time were much reduced in volume, and here 
and there thickly covered with ice which enclosed loose 
stones and boulders. When the short but' warm summer 
returned all the rivers rose in flood, torrents streamed off the 
melting ice-sheet, and the thawing snows of the hill-ranges 
discharged great volumes of water; the river-ice everywhere 
broke lip, and rafts transported gravel and erratics and 
scattered them over the surface of the drowned districts. 
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Besides sticli periodical: floods tliere were probably others 
aiore sadden and destmctiTO, caused by glacial lakes bursting 
tbeir barriers. W e liaYO : abundant eyidence to show that 
suck .temporary lakes ejdsted^ and tbeir icy ramparts must 
sometiines have giTen way and caused great innndatioiis ; at 
all. events, we Imow that similar accidents have happened 
again and again in glacier regions within historical times. 
In 1818 the lower glacier of Gi^troz dammed up the passage 
of the Dranse, a tributary of the Ehone. In consequence of 
this a- lake more than half a mile wide, and reaching in 
places a depth of between two hundred and three hundred 
feet, was formed, the contents of which were estimated at 
more than six millions and a half of cubic yards. The 
inhabitants of the valley below, fearing that the harrier might 
burst, attempted to lower the water by digging a channel across 
the ice, and succeeded in draining a portion off. Suddenly, 
however, the rampart of ice gave way ; “ the pent-up water, 
drivmg before it both ice and rocks, sprang into the valley 
with such rapidity that in twenty minutes the whole basin 
was empty. This formidable cataract swept away woods and 
chalets, and laying bare the rocks, and earrjdng away the 
very meadows, emptied itself into the plain like a mingled 
avalanche of water, trees, and debris, three hundred feet in 
height, and preceded by a black and thick vapour, like the 
smoke of a conflagration.” 

As the breadth of ice in the low grounds continued to 
decrease, its covering of morainic matter became proportion- 
ately more continuous. Trains of erratics travelled outwards 
from isolated rocky hills, -such as Euberslaw in Eoxburgh- 
sliire and other trappean eminences in the vale of the Tweed, 
and from various projecting crags and knolls along the flanks 
of the hill-ranges that diversify the Lowlands of central Scot- 
land. Eventually the ice melted away from all the low 
grounds, leaving behind it wide stretches of gravel and sand 
in the broader valleys, and sporadic heaps and ridges 
dotted about the hill-slopes and moorlands, while numerous 
erratics lay. sprinkled over the surface of the country from 
the tops of the hills down to the bottoms of the valleys. 
When the edge or margin of the ice had melted back to the 
♦ The Earth. By Elisee Eeclns, voL L p. 216/ 


UPPER DRIFT OF SCOTLAND. 


'.Hi 

close proximity of tlie Soiithem uplands arii ^tlie 
tile erratics and angiilar debris coFermg tbe iee became pro- 
portionately still mo result was the 

heaping-np of terminal moraines of a more deoided- character 
than the gmTOlly debris which lies strewn over the bed of 
the old ice-sheet in the wide lowland valleys. ■ By this- time 
the glaciers were ceasing to coalesce, and becoming more tod 
more restricted to the monntain-valleys of southern and 
northern regions. The rivers were much larger then than 
they are now, and overflowed wide tracts in the lowland 
valleys which are no longer within their reach. The increas- 
ing temperature having caused the ice to vanish from all the 
low grounds, the glaciers next began to cumber the bottoms 
of the mountain-valleys with their terminal moraines. The 
retreat of the ice-rivers, how^ever, was probably very unequal. 
In some valleys that drain inconsiderable areas of no great 
elevation the disappearance of the glaciers was comparatively 
rapid, while in other glens that received the drainage of 
wide and lofty regions the ice maintained its ground for a 
longer time. Now and again, indeed, when a succession of 
somew^hat colder seasons had greatly replenished its frozen 
reservoirs, the ice even re-advanced, pushing moraines and 
gravel-beds before it, and sometimes neither advancing nor 
retreating, it made longer or shorter pauses, during which 
large moraines gathered in front which the rivers were 
unable to sweep away. 

At this time many of the smaller lateral valleys from 
which the glaciers had either partially or entirely disappeared, 
w-ere dammed up by the main trunk glaciers of the principal 
glens and dales. Glacial lakes were thus formed, some of 
which endured so long that they were partially or even com- 
pletely silted up with more or less deep deposits of mud, 
sand, and gravel When the icy barrier was at last removed, 
the lacustrine deposits were excavated by the brooks ; but their 
remains are still often to he seen fringing the sides of the 
valleys and forming more or less distinct terraces, frequently 
at considerable heights above the present streams. Such 
horizontal ledges are not to he confounded with those old 
river-terraces w"hich occur so frequently in many of the 
mountain- valleys of northern and southern Scotland The 


THE GREAT ICE AGE, 



252 

latter slope witli tlie inclination of tlie yalleys in whieli they 
appear, and eyidently mark former levels at 'wliicli the rivers 
flowed when the body of water descending to the low grounds 
was ranch more considerable than now. 

Thus by slow degrees the ice forsook the vales and 'glens 
as the amelioration of the climate continued. The snows 
and frosts of winter became less severe, and the floods of 
summer less excessive. Everywhere the streams and rivers 
began to cut their channels into the deep drifts, denuding 
and re-assorting the materials, and spreading these out in 
low-level flats and terraces. 


CHAPTER XXII. 


rrppEE DEiPT DEPOSITS OF SCOTLAND — Continued. 

Shelly clays of maritime districts. — Position of these deposits ■with respect to 
older drift accumulations. — General character of brick-clay sections. — Organic 
remains, — Ice-floated stones and boulders. — Crumpled and contorted beds. — 
Probable interglacial age of some shelly clays. — Summary of events during 
deposition of interglacial and late glacial shelly clays. 

T he de]3osits wliicli we are now about to consider are 
memoralDle in tlie annals of geological diseoveiy. Mr. 
Smith, of Jordanhill, was, as already mentioned, the first to 
introduce them to notice, and the phenomena as described by 
him at once convinced the most sceptical that an arctic 
climate had really at one time characterized our country. 
The deposits referred to occur more or less abundantly at 
many points along the sea-board, especially where the shore 
shelves sufficiently to give rise to a flat beach. They appear, 
for example, in the low flats that fringe the margins of the 
Forth and the Clyde, wiiere they are more or less concealed 
below a thick covermg of re-arraiiged or recent accumulations. 
The low ground upon which Glasgow is built, and which, as 
we trace it westward, widens out on either side of the river 
Clyde, especially south, by Paisley, Johnston, and Houston, 
so as to form a broad expanse many square miles in extent, 
is composed, for the most part, of fine sand, silt, and brick- 
clay, the lower portions of which deposits all belong to the 
glacial series. Of like nature are the under portions of those 
wide terraces of sand, silt, and clay, through which the river 
Forth flows for several miles before joining its estuary. Along 
the borders of that estuary similar deposits continue, and are 
occasionally exposed when the upper or more recent accumu- 
lations are thin or wanting, as at Kirkcaldy, Elie, and Porto- 
bello. The same appearance recurs upon the coasts of the 
Frith of Clyde, and many of the sea-lochs in that region. 
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Brick-elays occupying a like position are found in several 
localities soiitli from tlie Clyde, as at Stevenston, Monkton, 
COTan, Ballantrae, and Stranraer. Nortli of tlie Clyde they 
have been detected here and there in some of the fiords, and 
they occur also in the Outer Hebrides. On the east and 
north-east coast they have not been so frequently observed, 
but deposits of this age appear at Glencarse, Errol, Barry, and 
Montrose, and like accumulations have been noted in the low 
grounds of Aberdeenshire that border on the sea. It is 
highly probable, indeed, that if the recent shingle, sand, and 
silt were removed from the flat beaches that skirt a large 
part of the coast-line, the deposits which we are now about 
to consider would be found more frequently. There can be 
little doubt at all events that in some places they cover the 
bed of the sea ; for the fossil shells which they contain, and 
to which I shall presently refer, have occasionally been 
brought up in dredges. 

None of these deposits has ever been detected at high 
levels or in the interior of the country. It is true that beds 
of brick-clay, loam, and silt are of common occurrence there ; 
but these beds, however much they may sometimes resemble 
those I now refer to, yet cannot be confounded with them. 
The superficial brick-clays in the interior of the country are, 
for the most part, unfossiliferous ; but when they do contain 
fossils, these invariably prove to be the remains of teiTestriai 
and freshwater organisms: Now the brick-clays of maritime 
and low-lying districts more frequently contain fossils, and 
these are all without exception marine. The greatest eleva- 
tion to which fossiliferous marine deposits (not covered by till 
or boulder-clay) have been traced is in Aberdeenshire, where 
Mr. Jamieson met with them at a height of 300 to S60 ft. 
above the sea. 

In the Clyde district, where these deposits were first 
studied, they have been identified by means of their fossils , at 
a height of 125 ft. above the sea.''t The flat gimmd that 
stretches up the valley of the Clyde from Glasgow to near 
Hamilton appears to be composed for the most part of these 

* I may remind the reader that tlie shells got near Airdrie, at a heiglit of 526 ft. 
ahoTe the sea, rest upon and are OTerlaid by till, and therefore do not belong to 
the period of submergence during which the later glacial-marine clays, &c., 
were deposited. 
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Eccumtilations, coyered up, liowever, over wide areas mtli 
considerable deptlis of river-sand and gravel. At Uddingston 
they yielded sea-shells. But fossils are certainly by no means 
of common occurrence in the brick-clays at this level. It is 
not until we descend to the level of 40 or 50 ft. above the 
sea that organic remains begin to be plentifully present. It 
is from the brick-clays occupying this and lower levels that 
Scottish geologists have made their largest and most varied 
collections, and it was from an examination of these very clay- 
beds that the earlier observers were enabled to demonstrate 
that an arctic climate had at a comparatively recent date 
characterized the country. But before we proceed to inquire 
into the nature of the evidence they relied upon, it is essen- 
tial that we first ascertain what relation the clay-beds bear 
to the other glacial deposits which have already engaged our 
attention. 

Wlien the bottom of the clay-beds is reached, they are found 
resting sometimes upon solid rock, and sometimes upon an 
irregular and hummocky surface of till. But in many places 
we do not see the basement beds. We Imow only that in 
deep borings and other mining operations the clay-beds fre- 
quently alternate with silt, loam, sand, and sometimes gravel ; 
but whether the beds of gravel and sand, which are often 
passed through between the clay-beds and the till, are part 
and parcel of the shelly series, we cannot tell. Most of the 
shelly clays now under review appear to be of more recent 
date than the kames and river-gravels described in last 
chapter. We find, especially in the basin of the Forth, that 
while the kames come down in many places to the margin of 
the great plains or terraces in which the shelly clays occur, 
they never in any case overlie the deposits of the estuarine 
flats ; on the contrary, they appear to extend below, and are 
overlapped by the latter. A careful examination of the phy- 
sical features of the Forth and Clyde basins will convince one 
that this is the true succession of the superficial deposits. 
Proceeding inland from the margin of the Frith of Forth, we 
first pace over extensive flats or gently undulating ground 
which numerous sections have shown to be composed chiefly 
of estuarine and marine deposits. After leaving these plains, 
we find that the ground, where it begins to ascend more 
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rapidly, has for a subsoil either till or grarel and sand — -the 
latter in many places assuming the form of cones and irre- 
gular tortuous banlcs. The same is the case with the Clyde. 
At the lower levels we have the usual wide stretches of fine 
sand, silt, and brick-clays, which as we trace them inland are 
seen to abut upon the till. No true kames, however, come 
down in the Clyde district to the level of the brick-clays. 
The annexed diagram will ser^’e to illustrate the succession as 
seen in the basin of the Forth. 

At the top of a good section of the series of deposits which 
occur associated with the brick-clay beds we commonly get 
sand and fine gravel — sometimes loam and silt, below which 
come layers of clay of variable thickness. These clays ate 



Fig. 44. — Diagrammatic view of drift deposits of the basin of tlio Forth. 

hj Decent beach deposits ; c, brick-clay, &c. ; h, kame-series ; t, till or boulder- 

clay. 


iisnally exceedingly fine-grained, and are often arranged in 
thin leaves or laminse. Fine exposures of such, deposits were 
seen at tlie old College of Glasgow during tlie recent railway 
operations. Below tlie clays, and sometimes intermingled 
with them, occur occasional beds of mud, sand, silt, and, but 
only rarely, gravel. Irregularly scattered throughout all 
these deposits, a few angular, subangular, and smoothed stones 
and boulders are not infrequently met with — ^here and there 
crowding thicMy together; and not a few of the stones and 
boulders referred to exhibit glacial scratches. But these gla- 
cial markings are seldom so well marked as in the case of the 
stones and boulders of the till ; many of the fragments 
indeed bear no trace whatever of glaciation. 

The following section/^'*' taken at the Kilchattan brick- 
works in Bute, shows the general character of the beds at and 
below the level of 40 or 50 ft. above the sea : — - 

* See The GUcial Drift of Scotland^ by A. Geikie, where this section and others 
are given; also papers by Messrs. Crosskey and Eobertson (in Trans, Geol, 
Soc, Gias.f and Taimntoffrapkieai Soeiet^f voL xxviii.), who are the hest autho- 
rities on the subject of the Clyde brick-clay deposits. 
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1. YegetaMe soil. 

2. Sand and gravel, well stratified, false-bedded, passing down into a sandy 

clay with, gravel, 10 or 12 ft. ■ ^ 

3. Eed clay witbont stones or sbells, becoming dull olive-green in lower part, 

1 to 2 ft. 

4. Bed of fine dark clay, Ml of TelUm prozima, &e., many of tbe shells retain- 

ing both valves, .2 xfc. 

5. Bine; y laminated brown and reddish brick-clay without stones or shells, 

15 to IS ft.* 

6. Hard tough led bonlder-c- y with striated stones; its upper surface hum- 

mocky and iriLguJar. 

Tlie briek-cbys o the maritime districts of central and 
soutliern Scotland at blglier levels than 40 ft. or so are com- 
paratiYely poor in fossds. Tliese, however, have occasionally 
been got at heights of 100 h. and 125 ft. above the sea. 

A large percentage of the fossils derived from the brick- 
clay beds are northern and arctic forms. And since these 
clearly occupy their natural position — ^liaving lived and died 
and become entombed just where we now find them — there 
can he no doubt whatever that the sea in which the brick- 
clays and associated dejiosits were accumulated was consider- 
ably colder than the water that now laves oiir shores. In 
short, it seems clear that the climate during the lifetime of* 
these shells must have approximated in severity to that of 
Greenland. This is the certain conclusion to which we are 
brought by a study of the molluscs and other organisms 
yielded by the clay-beds ; but it is a conclusion which, even 
in the absence of fossils, we could not fail to have arrived at 
from an examination of purely physical evidence alone. I 
have mentioned the fact that occasional stones and boulders 
are here and there sparsely scattered through the fine clay- 
beds. A little consideration will suffice to assure us that the 
gentle currents which disseminated the impalpable mud and 
silt over the bed of the sea could not possibly have carried 
along at the same time stones and boulders. These have 
clearly been dropped into their present position. We can 
often satisfy ourselves that this is so by closely examining 
the fine laminte upon which the stones and boulders lie. 
Fig. 45 represents a boulder of sandstone about 2 ft. in dia- 
meter, which occurs all alone in a fine deposit of laminated 
clay. It will be observed that the laminae below the stone 

* This clay very commonly occurs fietween tke underlying till and overlying 
skelly clay. It is generally unfossiliferous, fiut, according to Messrs. Grosskey 
and Eobertson, occasionally yields entomostraca and foraminifera. 
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are , bent doT^na as if by pressure from aboye- — sliomiig tliat 
tbe stone feE with some force upon wliat was then the bot- 
tom of the sea or estuary. Tlie upper part of the boulder 
which projected above the level of the ho tt 0111 was then gra- 
dually buried by the increasing sediment, as one may see ]}y 


^*^* .** — - * •» «• 



Fig. 45.— Boulder in stratified deposits, near Fddingston, Lanarkshire. 

the mode in which the laminae curve up, and at last sweep 
over the wanderer. We can hardly doiilit that the carrying 
agent in this case was floating ice. 

Some |;of these boulders have frequently been floated for 
considerable distances. Thus in the Portobello brick-clays 



Mr. J. Bennie has obtained fragiiieiits and boulders of chalk 
which may have crossed the German Ocean from Denmark.* 
Again, we have strong evidence to show that during the 
accumulation of the brick-clay beds, coast-ice and perhaps 
icebergs frequently floated and ran aground in the seas. In 

* I have seen clialk fragments also in brick-clay, witli arctic and boreal Bliells, 
at Barry, in Forfarshire. Chalk, fragments, as T'?© have seen, occur in some of 
tbo older drift deposits in. the north of Scotland, and it is Just possible,, that the 
bits of chalk in the Portobello and Barry beds may have been floated from tho 
north by coast-ice. 
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many places the beds are confusedly twisted, crumpled, and 
; contorted— the laminte being bent -vdolently over, now in one 

direction, now in another. Excellent examples of these 
appearances are exposed from time to time in the clay-pits, 
as at Tjwie in Fifesliire and at Portobello. 

I have in a previous chapter described the crumpling and 
contortion of the beds in the till. It will be remembered that 



Fig. 47. — Contorted beds ; clay <?, and sand 5 ; Leith. [Depth of cutting, 
6 ft., J. Croil.] 


the character of these contortions and crtimplings plainly* 
pointed to the exertion of force in one determinate direction. 
The beds, in short, were shown to be curved over in the 
direction followed by the till and the rock-striations, indicat- 
ing the violent pressure of glacier-ice. But the case is widely 
different with the contortions visible in the maritime brick- 
clays. These are exceedingly irregular, and are just of such 

! 

\ 

j Fig, 4 S. — Contorted beds ; clay <?, and sand 5 ; Portobello, 

a character as we should expect vrculd result from the ground- 
ing' of ice-rafts and bergs. The rough sketches give a general 
idea of the appearances presented.. One can hardly doubt 
I ' that the submarine, banks of sand: and mud off the American 
coast must , present very similar ■ after tlie-y have: 

been bumped and crushed, .and pushed forward by the' ^bergs 

■ s 2 
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wHcIi are eTery now and then running aground^ and stirring 
up the sediment in then: frantic gyrations. 

From the foregoing facts it has been inferred that the 
shelly deposits described in this chapter were acGiimiilated 
towards the close of the glacial epoch. It is doubtful, how- 
ever, whether they can all be relegated to so late a period. 
It is quite true that they rest upon and are not coyered by 
till, but this of itself is not sufficient proof that they are 
posterior in date to the final recession of the ice-sheet. 
They do not differ in any degree from those shell-beds which 
are oyerlaid by till or enclosed between lower and upper 
accumulations of the same material. The fames of the fauna 



is the same in all, and for aught that the fossil eyidence 
can tell us, all the fossiliferous clays may haye been de- 
posited at yarious levels in one and the same sea during a 
period of slo^y submergence and emergence of the land. 
My colleague, Mr. Jack, who surveyed the lower reaches 
of the Clyde below Glasgow^ formed the opinion that the 
arctic shell-beds of that area really occupy an interglacial 
position, for -when he traced them inland he found them 
at yarious points overlapped and covered by till — the 
junction between them and the overlying boulder-clay 
being usually much confused. And he came to the conclu- 
sion' that the till had been greatly denuded in the lower 
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readies of tlie Clyde valley — wide terraces of erosion liaving 
been cut into tbe deep diifts, and tlie upper stony clay 
almost entirely demolislied witliin the area of terrace-erosion. 
But no sooner do we leave the terraces and go inland than 
ite find the upper stony clay or till coming on in force and 
OYeiiappiiig upon the stratified clays. The mere absence, 
therefore, of an overljing till is no proof that the shelly clays 
of the Clyde basin and the west of Scotland are posterior in 
date to the last great advance of the ice-sheet. There is yet 
another fact that would seem to point to the same conclu- 
sion. In some cases, as Messrs. Crosskey and Eobertson 
remark, the clays are covered iinconformably by more recent 
deposits : there is a “ break in the succession” between the 
arctic beds and those above them ; arctic forms do not one 
by one disajipear, to be gradually replaced by recent British 
species, but the one fauna is sharply marked off from the 
other. Between the deposition of the arctic beds and the 
accumulation of the overlying recent deposits, some consider- 
able period of time must have elapsed, and the probabilities 
therefore are against such arctic shell-beds being of the late 
glacial age to wdiich they are usually assigned. 

Turning to the east coast of Scotland we find similar proofs 
of a break in the succession between certain arctic shelly 
clays and more recent deposits. Mr. Jamieson has indeed 
stated his conviction that none of these arctic shell-beds is of 
later date than the last advance of the ice-sheet, but that 
all must be relegated to the preceding period of submergence. 
He points to the fact that they occur only in patches which 
are evidently the mere wrecks of wdiat were once much more 
extensive and continuous deposits. And Dr. How4en has 
shown that they are covered at Montrose by the morainic 
shingle and gravels derived from the melting of the last great 
ice-sheet.'^ 

It is pretty clear, then, that some shelly clays which have 
hitherto been classed as of late glacial and postglacial date 
must eventually find their place among interglacial deposits. 
Others, however, afford what seems to be indisputable evidence 
of their late glacial and postglacial age. We find, for example, 
that occasionally the arctic character of the fauna which marks 

^ Trans. Geol. JSoe. Min., rol. i. p. 138. 
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the lower portions of a fossiliferoiis deposit gradually disap- 
pears upwards, so as to show a passage from a cold to a tem- 
perate condition of climate — in short, the arctic forms are 
gradually replaced by the fauna that now liyes in the adjacent 
seas. Sometimes, also, we may trace a gradual succession of 
physical changes in one and the same deposit. Thus in a 
brick-clay near Girvan, Ayrshire, a passage from marine 
through estuarine and fireshwater beds can be followed.^ 

But much yet remains to be done before %ve can separate 
all the sbelly clays, &a, which are of older date than the 
latest advance of the ice-sheet, from the similar deposits that 
were laid down after the confluent glaciers retreated for the 
last time. The clearing-up of this part of the evidence will 
throw much light upon certain points which still remain 
obscure. We cannot tell, for example, to w^hat depth the 
land was covered by the sea after the final recession of the 
ice-sheet, Mr. Jamieson does not believe that any of the 
arctic shell-beds of the north-east of Scotland belong to this 
date, but not a few of the fossiliferous clays of central and 
southern Scotland can hardly be assigned to an earlier period. 
They pass up gradually into recent deposits, and evidently 
point to the slow disappearance of an arctic climate and the 
gradual supervening of the present temperate conditions. 
None of these undoubtedly late glacial deposits, however, 
occurs higher than 100 feet above the sea, and most of them 
are found at considerably lower levels. Mr. R. L. Jack 
has indeed described a series of beds of stratified mud, 
clay, sand, and gravel which occur in the Endrick valley, and 
have been traced over a considerable area from 35 ft. up to 
262 ft. above the level of the sea. This series contains a 
number of marine shells which indicate a climate little more 
severe than the present, for nearly all belong to species that 
are still living in British seas. Mr. Jack considers that these 
deposits could only have been accumulated after the last great 
extension of the ice-sheet, and it is difficult indeed to believe 
that any massive ice-sheet could ever have passed over the 
deposits without denuding them to a much larger extent than 
they seem to have been eroded ; but the presence of associated 

* Moaograpli of tlie Post-Tertiairy Entomostraea : ” Falmontographical Societf, 
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**beds of stiff clay witli stones/’ wHchrest upontbe sand and 
graTel, indicates, as Mr. Jack admits, tlie action of ice, — 
“ perhaps floating-ice.” It is not impossible, however, that the 
** stiff clay with stones ” may really be the groimd-moraine of 
the last ice-sheet. The escape of interglacial deposits from 
litter destruction under the grinding action of the confluent 
glaciers is often exceedingly puzzling and hard to be accounted 
for, and it may be truly very difficult to explain the preserva- 
tion of the shelly beds of the Endrick valley on the suppo- 
sition that they belong to interglacial times ; but, as we shall 
find in the sequel, there are many instances in other regions 
of the preservation of much more considerable masses of 
iueoherent deposits that belong to interglacial times — deposits 
which are more or less buried underneath great accumulations 
of boulder-clay and morainic debris. I hardly think, there- 
fore, that we can take the Endrick-vaUey beds as certainly 
indicating a period of submergence posterior to the last great 
advance of the ice-sheet.t 

The general conclusions that may be derived from the fore- 
going brief sketch of the shelly clays and associated marine 
deposits which are not overlaid by morainic accumulations, 
appear to be briefly these : first, that certain of the beds are 
really of interglacial age, and ought to be classed with those 
fossiliferous marine deposits that underlie and are inter- 
calated with till or boulder-clay. In this category ought 
probably to be included most of, if not all, the high-level 
shelly clays, such as those in the Endrick valley, and many 
of the similar deposits in the north-eastern districts of 
Scotland. At the time these dej)Osits were being accumu- 
lated the sea covered the land to a depth of several hundred 
feet above the present coast-line. The water was cold and 
tenanted by noi them and arctic species of molluscs and other 
organisms. A long arm of -water extended up the valley of 
the Clyde, as far as and even beyond Hamilton ; all the low 

* A case in point has already been mentioned, the occurrence, namely, of 
maBsive beds of sand and gravel of probably preglacial age, which Mr. Jamieson 
describes as being covered by red boulder-clay. See ante, p. 162. 

t For details as to the character of the fauna met with in the shelly clays, the 
pader is referred to the Appendix, where a copious Hst of all tbe species met with 
in Scotch glacial deposits will be found. This catalogue has been kindly 
compiled for me by my colleague, Mr. E. Etheridge, jun., who has also added a 
number of notes on various localities where fossiliferous beds have been observed. 
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grounds between the Paisley and Kilpatrick Hills .were sub- 
merged, as also were extensiye tracts in the maritime districts 
of Ayrshire, and the western counties. An arm of the sea 
connected the Clvde basin with the Forth on the one hand, 
and a second stretched up the yalley of, the Black Cart, and 
communicated with the open sea in that dkection. xit the 
same time wide areas ■ in the Friths of Forth and Tay wnre 
drowned, and the ocean overflowed all the low grounds along 
the east coast, and the maritime provinces of the Moray Frith 
and the north "were likewise under w’ater. Glaciers nestled in 
many of the higher mountain-glens and valleys, and at the 
heads of not a tW of the deej) fiords of the w^est they actu- 
ally entered the sea and shed their icebergs. The rivers, 
flowing in greater volume than now, carried down, immense 
quantities of fine glacial silt and mud, wdiich gradually settled 
upon the quieter reaches of the sea-bottom. Coast-ice clogged 
the shores, and ever and anon breaking awny took with it 
stones and blocks, w^hich it sprinkled irregulaiiy over the 
floor of the sea. In the mountain-valleys the local glaciers 
continued the polishing and striation of the rocks, wiiile at 
levels wiiich these local glaciers could not reach, the frosts 
were busy obliteratmg the traces of the massive ice-streams of 
earlier times. The wueck of the mountains overlooking the 
glaciers wns slowly home down the valleys and shot over the 
terminal front of tlie ice — here forming subaerial ridges and 
mounds, there accumulating as submarine banks, xit the 
same time in some favourable localities glacial lakes w^ere pro- 
duced by the damming-up of lateral valleys. 

Of the plants and animals that may have clothed and 
peopled the less desolate portions of the land during the 
deposition of these interglacial shelly clays we know very 
little, Scotland was probably not a more cheerful residence 
then than North Greenland and Spitzbergen are now. Such 
brick-clays as have yielded plants and animal remains belong 
for the most part to late glacial and postglacial times, when 
the climate w-as evidently becoming ameliorated. Yet it is 
likely enough that Scotland may have been the favourite 
haunt in summer-time of sea-bhds, just as arctic coasts are 
now\ And to the close of the last interglacial period, there- 
fore, may or may not belong the bird bones which have 
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at rare intervals turned up in the brick-clays. It seems 
extremely improbable, however, that a country in our 
latitude, under such physical conditions as we have aboTC 
attempted to describe, could present a less forbidding aspect 
than the dreary island of Georgia, in the Antarctic Ocean. 
And, perhaps, the extreme paucity in the arctic clay-beds of 
land waifs, either plant or animal, may really point to the 
barren and sterile condition of the country at this tiine.^ 

The cold becoming more intense, the glaciers once more 
crept out of their mountain- valleys, coalescing upon the low 
grounds, ploughing out the shelly beds in many places, and 
in other places burying them more or less deeply under 
deposits of boulder-clay, which in long subsequent times were 
removed bj^ the denuding action of rivers and the sea, so as 
to uncover again the shelly deposits. 

By-and-by the confluent glaciers melted awajr for the last 
time, retreating into the mountain regions, and leaving the 
lowland districts abundantly coated with accumulations of 
gravel, sand, mud, morainic debris, and erratics, as we have 
seen in Chapters XYIII to XXL To wdiat extent the sea 
encroached upon the land during this final recession of the 
ice-sheet we cannot say, but the submergence may not have 
exceeded 100 ft. or thereabout. To this point, however, we 
shall return when we comef to discuss the postglacial accu- 
mulations. Such fossiliferous marine beds as were depo- 
sited during the last retreat of the glaciers (and probably 
most of those at low levels belong to this date) show us that 
the cold gTadually abated. But the climate was still somewhat 
excessive, as is proved by the presence of ice-fioated stones 
and crumpled and contorted bedding such as that in the 
briek-clay of Portobello. Brick-clays of this age have yielded 
the small arctic seal {Pagomys foeticlus) — a species wdiich also 
occurs in interglacial shelly clays. 

* It is remarkable that the sheU-hed of Elie gives evidence of somewhat colder 
conditions than the fossiliferous deposits of the Clyde would seem to imply. 
From this it has been argued that the Elie shells belong to an older date than 
the Clj^de beds — to a period when the cold was more intense. But for this 
conclusion there does not seem to he any need. The Korth Sea, filled with 
bergs and floating ice, derived from Scandinavia, and even from Scotland itself, 
would in all prohahility have a lower temperature than the freer ocean that 
washed the western sea-hoard ; and, therefore, it is not surprising that this 
difference of temperature should have taken effect and influenced the dis- 
tribution of the fauna. 
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We haTO now completed oiir rapid sketch, of the Scottish 
glacial deposits ; the accumulations which fall next to be 
described contain the record of the geographical and climatic 
changes that followed upon the close of the glacial epoch. 
But before we enter upon this latest chapter in the history 
of Scottish geology we must for a little retrace our steps for 
the purpose of considering the origin of certain remarkable 
features in the contour of the land, of which as yet no special 
mention has been made. 


CHAPTER XXIII 


EOCK-BASIKS OF SCOTLAND. 

Different kinds of lakes, — Lakes occupy ing depressions in drift. — Lakes dammed 
by moraines and older drift deposits. — Lakes lying in rock-bound basins. — 
Origin of rock-basins discussed. — Ramsay’s theory. — Sea-lochs. — Submarine 
rock-basins. — Their glacial origin. — Silted-up rock-basins. 

W HEN we glance at a good map of Scotland/^ one of the 
first appearances to catch the eye is the wonderful 
profusion of lakes. Moreover, it will not fail to stril?:e ns that 
these lakes are confined, for the most part, to the deep valleys 
of the Highlands. From the lowland tracts they are singu- 
larly absent. South of the Friths of Tay and Clyde compara- 
tively few are seen, and these are nearly all restricted to the 
high grounds of Carrick, Galloway, and Peeblesshire. There 
would thus appear to he some connection between lakes and 
mountain-valleys. We cannot but see this when it is pointed 
out ; yet it is not more than some sixteen years ago that the 
attention of geologists was called to the fact. It was reserved 

^ A good handy general map of Scotland has yet to he made. There is no 
scarcity of maps which can be relied upon for showing the proper direction of 
roads and county-boundaries, position of towns, &c., ; but one which shall 

by shading give an approximately correct impression of the outline of the ground 
does not exist. When will map- constructors cease to cover the area of the 
Highlands and Southern Uplands with a series of black caterpillars, which only 
serve to confuse and mislead? A plain unshaded sheet with a few heights 
indicated would be infinitely more instructive than a map elaborately covered 
with all those incomprehensible crawling'masses of printer’s ink, which do duty for 
mountains. This conventional manner of mountain -shading, which has been so 
long in vogue, is, I firmly believe, in no smaU measure answerable for the 
persistency with which crude notions as to the origin of hills and valleys are 
maintained. Had hill-shading really been made to represent truthfully the 
form of the ground, we should have heard a great deal less of mountains being 
proximately due to upheaval, and valleys owing their origin to gaping fractures. 
[When this note was penned I did not know that my colleague, Mr. Sydney 
B. J. Skertchly, had published (Murhy , London) a very excellent map of the 
British Islands, in which the hill-shading really represents the form of the 
ground. Now that so large a portion of these islands has been actually surveyed, 
and beautifully shaded maps issued by the Ordnance Department, is it too much 
to expect our map-constructors to follow Mr. Skertchly’s example ?] 
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for Professor Ramsay not only to indicate tlie very remarkaljle 
manner in wliicli lakes are distributed in alpine and iiortliern 
countries, but also to bring fonvard an explanation of tlie pbe- 
nomena -wHcIi lias already commended itself to many physi- 
cists and geologists, and bids fair to become ere long one of 
the most generally accepted theories in geology. 

The Scottish lakes may be grouped under three heads, 
viz. : — 

1. Lakes occupying hollows in the till or other superficial 
deposits. 

2. Morainic and drift-dammed lakes. 

3. Lakes resting in basins of solid rock. 

The lakes of the first group have no importance, and indeed 
are little more than shallow pools. They are developed 
chiefly in the Lowlands, and have at one time been much 
more numerous than they are now. Many have been silted 
up with alluvial matter, others have been converted into peat- 



bogs, and not a few have been drained. They rest sometimes 
in the hollows between banks of till, and not infrequently in 
cup-shaped depressions of sand and gravel. The most 
considerable assemblage of these lakes of which I know is in 
the island of Lewis — -the low-lying tracts of which are lite- 
rally peppered with lakelets. Not a few of these, however, 
belong to the drift-dammed series. But hundreds of them 
appear to rest in hollows of the till — their longer axis point- 
ing north-west and south-east. They are, for the most part, 
very shallow, and have been much encroached upon by peat. 

The lakes of the second group are also somewhat insignifi- 
cant. Those w^hich are dammed back by moraines are con- 
fined, as one would naturally expect, to mountain-valleys. 
An excellent example of the kind is that of Loch Skene, in 
the south of Scotland. In this instance a series of morainic 
mounds, left behind by one of the last local glaciers, extends 
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from one side of a moiintain-yalley to tlie otlier, and lias thus 
formed a harrier to the escape of the water. In not a few 
iiioiintain-Yalleys where such lakes haye at one time existed, 
we may see how the waters have been drained off by the 
gradual cutting down of the moraines. 

Besides the lakes which are confined behind barriers of 
morainic debris, we occasionally meet wfith small sheets of 
water which appear to rest partly in rock and partly in till or 
other superficial accumulations. Fine examples of this variety 
of lakelet occur in the low" grounds of Lewds. Unlike those 
lakelets of the first group, wdiich occur in the same region, 
these drift-dammed lakes do not range from south-east to 
north-west, but exactly at right angles to that direction — 
namely, from south-west to north-east. They lie between 
parallel ridges of rock, and are daoxaned up at either end by 
aeciiimilations of till. In Lewis it is common to find both 
kinds of lake represented in one and the same sheet of 
■water — one elongated portion of wiiich will trend south-east 
or iiortli-w"est, and another arm extend itself in a north-east 
or south-west direction, as the case may he. 

In the Lowlands there are a few lakes, such as Loch Leyen 
(Kinross-shire), the original shape of wiiose bed it is difficult 
to determine. Probably most of them, how^ever, are merely 
due to the unequal distribution of the till and other super- 
ficial deposits oyer the underlying rocks. Others, again, may 
really belong to the third group, and occupy rock -basins the 
nature of wiiich is now concealed by the accumulation of allu- 
yial matter along their margins. I am not sure but that 
Loch Leyen is a case in point. 

The third group embraces the largest and most imjiortant 
lakes in Scotland, and to it also belong a vast number of 
mountain-tarns which are neither large nor important. All 
these lakes and tarns rest in hollows of solid rock. In very 
many cases ire may trace the rock all round their margins ; 
and even when this is partially obscured by superficial 
deposits there are yet other circumstances winch enable iis to 
show that, although these deposits w^ere to be entirely removed, 
there wmiild still be a lake completely surrounded by rock. 

^ Tiia features referred to are 'beautifully delmeated upon tbie Ordnance 
Survey map of Lewis, See paper by autbor, Quart, Jour, Giol, Soc,, 1S73. 
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These lake-liollows are wliat Professor '^Eamsay lias termed 
Tod^adns ; and his ingenious theory of their origin I must 
now attempt to describe. 

When we reflect for a moment we shall find that it is a 
Tery hard thing indeed to aecoimt for a rock-basin. The 
usual agents of erosion, those which we see at work in our 
own country, fail to afford any solution of the problem. We 
may, for example, dismiss the sea as utterly inadequate. The 
action of the sea upon the land is that of a huge horizontal 
saw ; the cliffs are eaten into, and gradually undermined ; 
masses of rock, loosened hy rains and frosts, tumble down, 
and are pounded up by the breakers into shingle and sand. 
Thus in process of time a shelf or terrace of erosion is formed, 
and were the shore to be sufficiently elevated to-morrow, we 
should find that such a platform would extend all along our 
rocky coast-line — narrowing where the rocks were hard and 
durable, broadening out where the cliffs had yielded more 
easily to the ceaseless gnawing of the waves. But nowhere 
should we be able to detect an}i}liing approaching to the cha- 
racter of a rock-basin ; for it is self-evident that the sea 
“ cannot make a hollow below its own average level.'’ Its 
tendency, indeed, is quite in the opposite direction — ^miich of 
the material derived from the denudation of the land being 
carried out and deposited in quiet depths. 

If the sea does not help us to discover how rock-basins are 
formed, will rivers do so ? Most assuredly they will not. 
Kivers will flow down any slope, but they cannot run up an 
inclined plane. What they do is to cut channels which carry 
them down persistently from higher to lower levels. The only 
approach to something like a rock-basin which can be exca- 
vated by river-action may be observed at the foot of a water- 
fall, where a more or less deep hollow always appears. This 
hollow is of course scooped out by the forcible impact of the 
falling -water, aided by tbe filing action of the stones and 
pebbles which are kept in constant motion. But it would be 
idle to suppose that sucb has been the origin of the rock- 
basins. Yet this action of the falling water, as I shall try to 
show presently, may aid us in appreciating more fully Pro- 
fessor Eamsay’s theory. 

Since, rock-basins owe their origin neither to, rivers nor: to 
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the sea, may not they be simply due to disturbances of the 
strata ? We know that the solid aqueous rocks of which our 
country chiefly consists have been elevated and depressed 
times without number since the date of their formation. We 
know further that they have been dislocated and displaced 
by movements of the earth’s crust, and confused by the 
intrusion among them of melted volcanic materials ; and this 
has happened over and over again. Strata which we have 
every reason to believe were laid down in horizontal or 
approximately horizontal planes have been puckered and 
thrown into inumerable folds, or here pushed up into ridges, 
and there carried down into troughs. May not the lakes 
then occupy such troughs, or rest in cracks and chasms or 
depressions caused by dislocation and displacement of the 
rocks ? To those who have made no special study of physical 
geology this may appear a ready and simple explanation. In 



Fig. 51. — Diagrammatic view of synclines and anticlines. anticlinal 

arches ; SS, synclinal troughis. 


sober truth, however, it is no explanation at all ; for when 
we come to examine the rock-basins themselves, we do not 
find them occupying '' hollows formed of strata bent upwards 
at the edges all round into the form of a great dish, ' the 
uppermost bed or beds of which are continuous and unbroken 
underneath the waters of the lake/' No such synclinal 
troughs occur anywhere in Scotland ; indeed, as Professor 
Ramsay remarks, they are the rarest things in nature. As a 
general rule, we find that synclinal troughs or geological 
hollows form hills, while conversely anticlinal ridges or geo- 
logical hiUs give rise to valleys. And it not infrequently 
happens that the hollow in which a lake lies, is geologically 
speaking, a hill or anticline. But stiU more frequently rock- 
basins occur in regions where the strata are bent and con- 
torted in a hundred curves all along and under the length of 
the lake,'' nor does the direction or slope of the basins bear 
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any relation i;\’liateTer to the preYailiiig inclination of the 
strata. "We may conclude, then, that the hedding of the 
underlying rocks affords no clue to the solution of the 
problem. 

Do the lakes lie in gaping fissures, or in cliasms produced 
by dislocations of the solid rocks, or, as they are technically 
termed, jhiclfs ? As a matter of fact, no single instance has 
yet been adduced, either at home or abroad, where a fault 
could be said to be the proximate cause of a lake-hollow. 
My duties in connection with the Geological Survey have 
afforded me exceptional opportunities for the study of dis- 
locations and displacements. Some time ago I completed 
the mapping of the major portion of the coal-fields in the 
west of Scotland— perhaps one of the m ost abundantly faulted 
districts in Britain ; and I found, as the result of a minute 
examination of all the carefully-prepared mining-plans and a 
close investigation of the ground, that none of the faults ever 
gave rise to any feature at the surface, save when a hard 
rock like basalt was brought into juxtaposition with a soft 
rock like sandstone. In such a case the basalt-rock almost 
invariably gave rise to a prominence. Now many of these 
faults are 20, 40, 60, and some even 100 fathoms in extent, 
and they frequently cross and shift each other ; yet no 
yawning crack or irregular depression at the surface gives 
one any indication of their existence. In walking over a 
level turnip-field w^e may traverse a dozen in the space of a 
few hundred yards. My imj)ression is that none of these 
dislocations ever showed at the surface. This is hardly the 
place to describe the observations which have led me to this 
conclusion; but I may state that, as a general rule, faults 
increase in extent downwards and diminish upwards, so that 
the upper seams are not dislocated to the same extent as the 
lower seams of the same coal-field. Some of the smaller 
fiiiilts, indeed, die out upwards altogether. 

Now we know that hundreds of fathoms of solid strata 
have been planed oft" the central Lowlands of Scotland since 
the close of the Carboniferous epoch, and not a few of the 
dislocations that now come to the light of day may have died 
tip vmrds long before the original surface of the Coal-measures 
was reached. But even if these faults did actually traverse 
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the whole thickness of the strata at the very time the move- 
ment of the earth’s crust took place, yet they could not have 
produced any external feature — they could not have been 
actually visible at the surface. Had it been otherwise— had 
all the faults which wm now see cutting and shifting the strata 
in every direction shown boldly at the surface- — -what a very 
remarkable landscape would have been the result ! — straight 
cliffs intersecting at all angles ; here a great parallelogram of 
strata forming a solid embankment, there a profound and 
extended chasm fantastically shifted in a hundred places ; in 
one place a long descent, terminating abruptly against the 
blank wall of a frowning precipice ; in another place an 
inclined plane, rising for a considerable distance, and all of a 

Coal Pit. 



Fig. 52. — Section across Coal-measures at Muirhouse Colliery, near Wisiiaw 
(horizontal and vertical scale the same). The horizontal lines represent coal- 
seams ; /, faults, the amount of displacement shown in fathoms and feet ; X line, 
550 ft. below sea-level ; t, till. 

sudden stopping on tlie edge of a wall that dropped perpen- 
diciilarlj for 500 or 1,000 ft. Instead of all tins wild 
vagary, we have a softly-outlined country, with its regular 
valley-system — the direction of the streams never being in 
any degree influenced by the rock-dislocations, which, as far 
as the trend of the valleys is concerned, might never lirive 
existed. 

Judging, therefore, from the contour of the ground in this 
district, where the direction and amount of the faultings have 
been so well ascertained, it may be concluded that these dis- 
locations have not been the proximate, nor even the remote 
cause of the formation of the valleys. Many of the faults 

* It may be well to remind tbe reader that I am speaking of tbe Carboniferous 
areas of tbe west of Scotland. I am very far from affirming that faults have 
never in any case given tbe initial direction to a line of drainage. I could 
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maj’^ liave died out upwards witliout reacliiiig tlie original 
surface, wMle others that did reach that surface may have 
displaced the strata so gently, by such gradual creeping, that 
atmospheric or other su|)erficial denudation may well have 
kept pace with the movements, and so removed the inequali- 
ties as these arose.^ 

Since, then, rock-basins do not occur in these highly 
faulted districts, it seems idle to speak of such hollows being 
due to dislocations, unless we are prepared to bring fonvard 
some well-proved cases in point. But while no such case has 
been adduced, geologists have been referred by Professor 
Ramsay and others, both at home and abroad, to numerous 
examples of rock-basins which it can be shown have no con- 
nection whatever with gaping fissures and dislocations. 
Take, for example, that of Loch Boon, or that of Loch Trool 
in the wilds of Carrick. In neither of these cases do any 
shiftings and displacements or cracks and chasms occur, but 
^he beds on the one side exactly correspond with those on 
the other. One may walk round the lower end of Loch 
Boon and never have his feet off solid rock all the way. 
The valley in which it lies cuts right across the strike of the 
strata, which, as the merest tyro may readily ascertain, are 
quite continuous. 

Nay, more than this, rock-basins are of all sizes ; many of 
them are no larger than an ordinary drawing-room ; myriads 
are a great deal smaller — ^mere pools ; and between this and 
basins that are square miles in extent "we have every grada- 
tion. One may wade through or SAvim across the shalloAA^er 

mention a number of instances -where they have certainly done so. A good case 
in point is that of Glen App, in the south of Ayrshire, which coincides with a 
large fracture. Again, the great north-east and south-west fault that traverses 
Scotland from the shores of the Frith of Forth to the Irish Sea, gives rise in 
many places to a distinct feature, and streams occasionally follow it for some 
distance. The Great Glen would also appear to lie in a line of dislocation. I 
h£|,ve never seen, and would travel a long way to see, a gaping fault. 

* Although these remarks have special reference to Scotland, they have really 
a. much wider application, as many geologists will readily admit. It has been 
shown again and again, that even in'highly disturbed mountainous districts the 
valleys most frequently bear no relation, either proximate or remote, to rock 
dislocations. Thus Dp Hayden and his associates, who have been engaged in 
the geological exploration of the Eocky Mountains, state very strongly that the 
channels of the large rivers in those regions ‘‘ have not been determined by 
special lines of depression or firactures, and that there is no necessary connection 
between them,’’ Bulletin of the United States Geological and Geographical Bi^rvey 
of the Territories^ 


ROCK-BASim OF SCOTLAND. 


m 


ones, and satisfy Hmself tliat tlie rock is all solid iinder- 
neatli ; and no one indeed lias ever ventured to suggest tliat 
these smaller hollows are due to fractures. Yet it is just as 
difficult to account for a rock-basin fifty jmrds in length, as 
it is to explain the origin of one a hundred times larger. If 
big ones be caused by fractures, and little ones owe their 
existence to — something else, where are -we to draw the line? 
—how many square yards are we to be allowed free of 
fracture ? 

Some of these objections apply with equal force to another 
explanation which has been advanced — to this, namely, that 
the lakes lie in special areas of depression ; in other words, 
that the land has sunk down underneath each lake. It is 
simply incredible that such could have happened. Ko one 
will deny that special areas of depression do exist, but to 
have produced the innumerable lakes of all sizes that stud the 
surface of alpine countries and many northern regions, the 
rocky crust of the earth must needs have been in a condition 
nearly as unresisting as putty. If movements of depression 
were allo^ved to explain the existence of a sheet of water like 
Lake Superior, they ’would still leave utterly unaccounted for 
the vast number of smaller lakes that crowxl the surface of 
the northern part of North America, as well as the innumer- 
able lakes of Scotland, Cumberland, Wales, Ireland, Scandi- 
navia, Finland, Switzerland, and Italy. 

Sir Charles Lyell held that the lake-basms of the two last- 
named countries owed their origin to a depression of the 
central region of the Alps, by which the sloj)e of the great 
valleys was reversed; an explanation which, as Professor 
Ramsay pomted out, would compel us to assume that the 
Alps in preglacial times wnre some 28,000 or 30,000 feet in 
height — thus implying an amount of subsequent depression 
■which in itself is improbable, and for which certainly no 
evidence is forthcoming. He also showed that if the Alpine 
lake-basins were really produced by a depression of the cen- 
tral region, lakes ought also to occur in other valleys that 
run north and south of the central chain and open on the 
plains, but which are merely river-courses. A still stronger 
objection to LyelFs hypothesis lies in the fact that the trend 
and outflow’' of Lakes Geneva and Neuchatel ‘" are, roughly, 
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at right angles to those of the other great lakes of Como, 
Lugano, Maggiore, Orta, Yarese, Garda, Thun, Lucerne, Zug, 
Sempach, Zurich, and Constance ; and, to dam up the lakes 
of Geneva and Neuchatel, we should require a central depres- 
sion running north-west between them at right angles to the 
chain of the Alps, and quite across the Miocene rocks. For 
this we need/’ continues Professor Ramsay, a special proof, 
which has never been attempted ; and I do not see but that 
to produce the whole of the lakes by depression, the supposed 
great movement must merely resolve itself into a number of 
minor ones/’ 

Lyell never, as far as I am aware, applied his hjqyothesis 
to account for the rock-basins of Scotland— probably because 
he knew the configuration of that country too well, and was 
aware that no single movement of depression along the 
watersheds or of upheaval in the lower parts of the valleys 
would suffice to explain the phenomena. Indeed, when we 
come to apply his hjqjothesis to that country, we find that 
instead of one great movement of upheaval or subsidence we 
require hundreds of local ones — so very local, indeed, that 
vertical movements of 1,000 feet must in many cases have 
been restricted to an area of only a few square miles. Not 
only so, but the lakes trend to every point in the compass, 
necessitating, on Lyell’s hypothesis, a manifold series of 
movements, so confused, opposite, and contradictory withal, 
that really one feels it much easier to believe in a special 
depression for each particular rock-basin. More than this : 
not a few valleys contain two or even three lake-basins, sepa- 
rated from each other by only a few miles, and sometimes by 
only one mile. What general but “ unequal movement of 
upheaval or subsidence ” will account for these ? Is it not 
plain that if the basins in question owe their origin to '‘earth 
movements,” there must have been one special upheaval or 
depression as the case may be for each particular lake. Let 
any one try how otherwise he can account, on Sir C. Ly ell’s 
hypothesis, for such lakes as Loch Toil and Loch Lubnaig, 
or the lakes of the Trossaclis, or for Loch Lydoch, Loch 
Rannoch, and Loch Tummel, or for the lakes in Glen Quoich 
and Glen Garry, or those in Strath Affrick, Glen Gannicli, 
and Strath Monar. Not only do the mountain-valleys often 
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contain more tlaan one lake, but we frequently find tkat lake- 
basins are composite, consisting in reality of two or more 
rock-basins, siicli as Lock Etive and many otker sea-locks, as 
I shall presently point out. This, indeed, is a very common 
characteristic of the lake-basins of Scotland : they have a 
hummocky, uneven bottom — the rock sometimes rising to 
the surface in little islets, which are often beautifully glaciated 
all over — at other times sloping up from considerable depths 
on one or both sides, so as to form a more or less narrow 
ridge, which would divide the lake in two were the water to 
be lowered for only a few feet or fathoms as the case might 
be. Now, if it be impossible to account, on the hypothesis 
under review, for the presence of several separate lake-basins 
in one valley, how can that hypothesis explain the appearance 
of the rocky islands, the subaqueous ridges, and the irregular 
depths that so often characterise one and the same lake- 
basin ? 

If, then, all the above ''explanations'’ be rejected, we 
have only one agent left which can possibly account for the 
origin of rock-basins, and that is ice. Professor Eamsay 
points out, in the first place, that these remarkable lakes 
abound in every region which is Iniown to have been sub- 
jected during the glacial epoch to the grinding action of 
glaciers ; while conversely, in tropical areas or such countries 
as have not supported glaciers, true rock-basins do not occur. 
Thus, if we exclude the great African lakes, of which we 
Imow too little as yet to justify us in coming to any definite 
conclusion in regard to the mode of their formation, and if 
we also put aside lagoons and crater-lakes and other lacus- 
trine hollows in volcanic regions some of which owe their 
origin to local depressions, while others may be due to the 
damming-up of valleys by lava, &c., we shall find that in our 
hemisphere rock-basins increase in number as we pass from 
south to north, and are always specially abundant in moun- 
tainous districts. And this peculiar distribution Professor 

♦ Sir G. IiyeU’s liypotliesis is so manifestly inapplicable to the rock-basins of 
Scotland that in tbe previous edition of this work I passed it in silence, and tbis 
I was tbe more inclined to do as Sir Charles himself never tried to apply it to the 
Scotch lakes. I hardly thought it possible that any geologist could indulge the 
hope that “ unequal movements of upheaval and subsidence” would account for 
the phenomena in question, hut 1 have been mistaken; hence the above 
paragraphs. 
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Bamsay aceounts for' by the bold suggestion that tbe basins 
liave been scooped out by the grinding power of glaciers. 

He shows that the erosiTe action of a glacier must neces- 
sarily be less at the lower end, where the ice is comparatively 
thin, than farther up the valley, where the ice attains a much 
greater thickness. Obviously, then, were a glacier to con- 
tinue to flow for a sufficient length of time, this unequal 
pressure upon the underlying rock w^oiild produce some 
eftect; there would be a great deal more tear and wear 
where the ice w^as thick than where it was thin, and thus a 
rock-basin would eventually be formed. 

Take the case of a glacier creeping down an alpine valley, 
and spreading itself out upon the low ground at the foot of 
the mountains. Let us suppose that in the upper part of its 
course, that is to say, within its mountain- valley, the incline 
down winch it moves is greater than the slope of the low 
ground upon which it eventually deploys. 'Wlien the ice 
reaches this latter point, it is evident that its flow must be 
retarded, and there will therefore be a tendency in the ice to 
accumulate or heap up. Now w^e knoW' that the pressure of 
a body in motion upon any given surface varies with the 
degree at which that surface is inclined ; as the inclination 
decreases the pressure increases. It follows from this that 
when the glacier leaves the steeper part of its course, and 
begins to creep down the gentler slope beyond, it will press 
with greater force upon its rocky bed, and this increased 
pressure will be further intensified by the greater thickness 
of the accumulated ice. But as our glacier continues to flow^ 
on, it gradually loses in buUv, its rate of motion at the same 
time diminishes, and thus its erosive powder becomes weaker 
and w^eaker. The result of all this is the formation of a 
rock-basin, the deeper portion of wffiich lies towards the 
upper end, just where the grinding force of the glacier is 
greatest. 

Such is the effect we might naturally expect glacial action 
to produce. When we turn to the rock-basins in our own 
country, we find that these occupy precisely the very positions 
wliich^tlieoretically might have been expected. And not only 
so, but they almost invariably reach their greatest depths 

* La Nhe de Justedal ei ses Glaciers, “by C. de SeTie. 
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towards tlie upper end, shallowing away gradually down the 
"valley. Cases in point are Loch Boon, Loch Trool, and 
numerous other rock-basins amongst the Carrick and Galloway 
mountains. One of the best examples of a rock-basin is fur- 
nished by Loch Lomond, a map and sections of W'hich, drawn 
on a true scale, -will be foimd in the Appendix. No fault or 
dislocation of the solid strata is knowm to cross the area 
occupied by the Loch ; but my colleague, Mr. B. L. Jack, has 
detected one that crosses below the foot of the loch, passing 
through Tullichewm Castle on the w^est side and Haldane’s 
Mill bn the east; and the downthrow side of this fault is to 
the south — a clear proof, if such -were needed, that faulting 
and unequal suhsidences of the rock have had nothing wdiat- 
ever to do with the formation of the great hollow. 

Another striking circumstance in connection with Scottish 
lakes is this — their dimensions are almost ahvays proportionate 
to the extent of the drainage-system in wiiich they occur. If 
the valley in wiiich any particular rock-bound lake appears 
should be an important one, di’aining a wide tract of elevated 
ground, the lake is sure to be long and deep ; if the valley 
be of inconsiderable extent, the rock-basin it happens to con- 
tain is certain to be proportionately unimportant. In other 
words, where large glaciers are knowm to have existed, we find 
large rock-basins, wiiile in valleys w^hich have been occupied 
by inconsiderable glaciers, the rock-basins are small. 

These remarks on Scottish rock-basins would be incomplete 
if no reference were made to the fiords or sea-lochs so abun- 
dantly developed along the w'^est coast. The hollo w^s occupied 
by these arms of the sea are simply submarine continuations 
of land- valleys, which, as everyone Imows, stretch into the 
country for a less or greater distance from the head of every 
fiord- 

If the reader will glance at the sketch-map of Scotland, he 
will observe that while freshwater lakes are plentifully present 
on the eastern slopes of the great watershed that runs from 
the head of Loch Shin to the hills above Loch Liniihe, there 
are comparatively few on the other side, but we have great 
sea-lochs instead. Now each of these submerged land- valleys 
contains at least one rock-basin, so that if the land were only 
to be elevated suiSeiently, w^'O should find in that region an 
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exact counterpart of the appearances that present. themselTes 
on the eastern slopes of the watershed, namely, deep mountain- 
glens with rock-bound lakes. 

The Amiralty charts are excellent maps of the sea-bottom, 
and afford clear and definite ideas of its physical features: 
The tracings given are taken from the reduced Admiralty 
chart of the west coast of Scotland. One of these (Plate IX,) 
shows Loch Broom, and Little Loch Broom, with Qruinard 
Bay. This part of the coast has been selected for no other 
reason than simply because it happens to come nicely wdthin 
the compass of one of these pages. Almost any other sea- 
loch would have served my purpose equally well — some of 
them, indeed, would have done better, as for example, Loch 
Long, Loch Fyne, or Loch Sunart. 

It will be observed, upon glancing at the chart, that the 
upper reach of Loch Broom, between Corrie Point and the 
head of the loch, rests in a distinct basin, the lower lip of 
the basin opposite Corrie being reached at a depth of 1 1 
fathoms, and its deepest part, 26 fathoms, occurring near 
Lacmehn. There appears to be a second basin between Corrie 
Point and the mouth of the loch, but it is not so well marked. 
Little Loch Broom, how^ever, is an admirable example. At 
the month of this loch the underlying rock comes actually to 
the surface ha Ardross Eock, and between this point and the 
shores we have the maximum depths of 10 and 26 fathoms 
respectively. Yet the soundings half way up the loch show 
a depth of no less than 57 fathoms. Beyond the mouth of 
the loch the water deepens somewhat gradually until a depth 
of 119 fathoms is attained, beyond which it shallows again to 
34 fathoms. Now it is worthy of remark that no part of the 
North Minch, on which Gruinard Bay opens, is anywhere 
deeper than some 50 or 60 fathoms, except immediately 
opposite the mouths of the great sea-lochs that open out from 
the mountain-valleys of Harris and Lewis, and the mainland. 
The 100-fathom line is only reached when we get beyond the 
Outer Hebrides altogether. Yet it is no uncommon thing 
to get greater depths than this in many of the sea-lochs and 
sounds. In the Inner Sound of Eaasay, for example, we find 
depths of 100, 128, and even in one place of 138 fathoms ! 
(See Plate X.) Thus, were Scotland to be lifted out of the sea 
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for 100 fatlioms, all tlie islands would be connected witli tlie 
mainland, and numerous lakes would exist to mark tbe sites 
of tbe sea-locks, one of wbicb, lying between Eaasay and 
Eoss-sMre, would reacli as much as 528 ft, in deptb.^ 

Here then is the singular fact that the deepest portions of 
the Scottish seas lie close in shoi'e ; nor in the Yast fmajority 
of cases can there be any doubt whatever that these deep 
submarine hollows are true rock-basins. In many cases, in- 
deed, the soundings actually prove this. StiU some may think 
that since we do not actually see the lower lips of these basins, 
it is at least doubtful whether they really consist of rock. 
Might not the lower lips be formed of mud or sand? We 
know that the sea has the power of heaping up banks of these 
materials across the mouths of estuaries ; might not this be 
the explanation of the basins in our sea-lochs ? Now there 
are many reasons which could be given to show why it is in 
the highest degree improbable that banks of the kind required 
would ahvays accumulate in such places. But it is not 
necessary to go into this question, for it is quite evident, upon 
a little reflection, that even if the sea had the power to heap 
up, and were now actually engaged in heaping up banks across 
the mouth of every sea-loch on the coast, still this would not 
help us to explain the matter any better. For, assuming this 
to be the case, we should be compelled to admit, first, that 
the beds of all tbe sea-lochs did at one time fall away gradu- 
ally from their present extreme depth up to and even far 
beyond the 100-fathom line ; in other words, that the floor 
of the sea sloped persistently outwards from the greatest 
depth reached by the fiords. So that if the land had then 
been elevated above the waves there would have appeared 
mountain-valleys containing no lakes, but showing rivers that 
flowed on uninterruptedly up to and even far beyond the 
edge of what is now termed the Scottish submarine plateau. 
But this plateau is not known to be breached by any such 
profound submarine valleys. Then, in the second place, we 
should be forced to hold the extravagant belief that the sea 
had filled up all these deep hollows with accumulations of 
sediment varying in thickness from 30 or 40 to considerably 
more than 100 fathoms, but had left the shoreward portions 
* See Map stowing Hiysiograpliy of Western Scotland, Plate XII. 
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of its 'bed prettj" miicli. as they were, before .submergence 
ensiiecl ; that, in short, only the lower reaches of the sub- 
marine Talleys had been silted up, the platforin of sand and 
mud stopj)ing abruj)tly opposite the mouths of the sea-lochs, 
and not a few of the sounds ! Into such absurdities do we 
land ourselves if the rock-hound nature of the basins in the 
seadochs be denied. 

Fortunately, however, there is at least one sea-loch of the 
rock-bound character of which we have ocular demonstration. 
I refer to Loch Etive. Tliis loch, as the chart (Plate XI.) 
will show, contains two basins, the lower one of which extends 
from Connel Ferry to near Taynuilt, the upper one from this 
place to the head of the loch. At Connel Ferry the passage 
is very narrow, and the rock so near the surface that at half- 
tide the water rushes over the reef with the roar of a catax’act. 
The sight of the seething white water wiU, I should think, be 
enough to convince even the most sceptical that, above the 
feriy, Loch Etive is a true rock-basin. It will be observed 
that the greatest depth attained in the lower basin is 35 
fathoms ; in the upper basin we have a depth of not less 
than 76 fathoms. Here then we have a double rock-basin, 
the bottom of which is rather more than 400 ft, deeper than 
its lower lip. 

Now while such deep submarine rock-basins can be traced 
in all or nearly all the sea-lochs, it is remarkable that no such 
basins occur opposite a low flat stretch of country. For 
example, along the western shores of Lewis, in which part of 
the island there are no deep valleys, we find that the sea-bot- 
tom inclines very gradually outward ; and the same is the 
case off the low-lying districts on the eastern sea-board of 
Scotland. There seems to be an obvious connection, there- 
fore, between submarine rock-basins and sea-lochs, just as 
there certainly is between sea-lochs and mountain- valleys. 
Nor, if we admit that rock-basins, filled with fresh water, 
have been scooped out by glaciers, can we, as I think, escape 
the conclusion that the submerged rock-basins have had pre- 
cisely the same origin ; for the presence of the sea is a mere 
accident We know for a fact that all those sea-lochs were 
once filled to overflowing with ice, and rock-basms occur just 
in those places where from theoretical considerations they 
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oiiglit to appear. An attentive esaroination of tlie physical 
features of the fiords, and a careful scrutiny of the Admiralty 
charts, will show that whenever the opposite shores^ of a 
fiord approach each other so as well-nigh to separate the 
water into two separate sheets, two distinct rock-basins are 
almost invariably the result. This appearance is well ex- 
plained by the erosion theory, but is inexplicable otherwise. 
When glacier-ice filled such a fiord, it w^ould be strangled in 
the narrow pass, and the motion of the ice advancing from 
behind would be impeded. Hence there would be a heaping 
up of the glacier, and intensified pressure upon the rocky bed 
would produce its natural effect — increased erosion. 

At the same time, not a few double rock-basins are to be 
explained in another way. Each basin has probably been 
scooped out at a different period. During the advance of the 
glaciers there may have been — there most likely w^ere — long 
pauses ; each pause, if of sufficient duration, being marked by 
the formation of rock-basins. When, again, the glaciers began 
to retire, the same set of circumstances might well recur — 
pauses might take place, and basins be again deepened. 
Moreover, owing to the nature of the ground and the cha- 
racter of the drainage-system, one may be quite sure that a 
glacier would tarry much longer in some- reaches of its valley 
than in others. Hence we might naturally expect the valleys 
often to contain more rock-basins than one. If the larger 
fresh- water lakes were drained, we should in all probability 
find that some of them would show separate basins, analogous 
in a measure to the upper and lower basins of Loch Torridon, 
Loch Cairn-Balm, and others. Even as it is, however, many 
valleys do contain more than one lake. Good examples occur 
in the region of the Trosachs. Again, in the valley of the 
Tummel we have Loch Lydoch, Loch Bannoch, and Loch 
Tummel. Farther north, in the valley of the Conan, we come 
upon the wild Loch Fannich and, lower down, Loch Luichart. 
The valley of the Doon, in Ayrshire, contains the loch of the 
same name and Bogton Loch, which last, although now much 
silted up and of little extent, is yet proved to be a rock-basin, 

^ I refer, of course, to promontories of solid rock. Where a lateral stream 
enters a fiord, a spit of low land frequently projects for some distance into the 
water, hut that is a very different matter. 
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from tlie fact that the soft watery mud of its alluTiuiXL broke 
into some coal-worldngs in the neighbourhood, at a depth 
considerably below that of the rock, which comes to the sur- 
face, and crosses the valley a mile or so farther doivn. 

So long a time, indeed, has passed , since the glaciers vaeated^ 
the valleys, that streams and rivers, by carrying down and 
depositing gravel, sand, and silt, have often obscured the 
original rock-bound character of the lake-hasins, and in seve- 
ral cases have even entirely obliterated them, so that we find 
broad flat meadows where lakes formerly existed. As an 
instance of a partially obliterated rock-basin, I may refer to 
St, Mary’s Loch, in the south of Scotland, the depth of which 
has been ascertained to be at least 120 ft. At its outlet the 
whole valley is paved with gravel, but a series of borings made 
across the bottom of the valley at this place struck the rock 
at depths varying from 24 to 53 ft. The present bed of the 
lake is therefore 67 ft at least lower than the lip of the 
buried rock at the point of outlet ; what thickness of super- 
ficial materials may be lying upon the rocky bed of the lake 
has not been ascertained.’'" 

Of rock-basins completely obliterated, many examples might 
he given. There is one at the head of the Manor Water, in 
Peeblesshire. Another fine instance occurs in the valley of 
the Talk (same county), where an ancient lake once occupied 
the whole bottom of the valley from Talk Linnfoots for nearly 
two miles down. The higher valleys of the Cheviot Hills 
afford examples of the same phenomena. But, as might have 
been anticipated, the rock-basins that are so silted up are 
usually of small extent. 

^ For these data I am indebted to the kindness of Messrs. A, & A. Leslie, C.E., 
Edinhargh. 


CHAPTER XXIY. 

EOCK-BASINS OF SCOTLAND — Gontinuecl 

Fiords plentiful along west coast, but not so on east coast.-— Depths in the Friths 
of east coast.— Examples of Examples of deJectmi-Msins,--^ 

Erdon of the two groups ; examples. 

S OME years ago I was struck with the fact that the deepest 
parts of the Scottish seas appeared precisely in those places 
where a glaciahst who held Professor Ramsay’s views might 
readily have expected to find them. Not only did deep rock- 
hasins occur in all the sea-lochs or fiords, but they also made 
their appearance again and again off the coasts of many 
islands m such positions as could not but be highly suggestive 
to a glaciahst. In connection wnth these facts it was also 
singular to observe that, while deep submarine hollows were 
so abundantly developed along the wild western shores of 
Scotland, they were almost enthely wanting in the corre- 
sponding latitudes on the other side of the island. And, 
then, one could not fail to notice that, with the exceptions 
of the 'Friths of Forth, Tay, Inverness, Cromarty, and Dor- 
noch, no fiord-valleys open out upon the German Ocean, and 
no such islands as the Inner and Outer Hebrides appear off 
the east coast. Fiord-valleys and islands abound in the west, 
and there rock-basins are numerous ; hardly any fiord-valleys 
or islands exist in the east, and there submarine hollows are 
rarely to be found. As far as I can make out from the 
Admiralty charts, only one deep submai'ine basin occurs 
along the whole stretch of coast-line between Duncansby 
Head and Berwick, and that is in the upper reaches of the 
Frith of Forth, between St. Margaret’s Hope and a point 
east of Kinghorn and north-east of Inch Keith. The hollow 
is a long narrow trench, gradually opening out as it shallows 
to the north-east of Inch Keith. It is deepest near Inch 
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Garvie, 'where its bottom is 246 ft below the surface of the 
sea, or 186 ft. lower than the lip of the trench. It shallows 
passing east, but deepens again to 168 ft. between Inch Colm 
and the Oxcars Rocks, shallowing once more, and again deep- 
ening to 138 ft. before it finally shelves away. It is certain, 
however, that this basin must at one time have been more 
extensive. Immense quantities of silt and sand are borne 
down into the estuary of the Forth, and great banks of sand 
and mud have accumulated, especially in the upper reaches 
of the estuary. There cannot be much doubt, therefore, that 
the submarine hollow has been greatly silted up.* 

No hollow so deep appears in any of the other friths that 
open into the German Ocean, but each is characterised by the 
presence of great banks of sand and mud, which in many cases 
impede navigation. In the Frith of Tay the mud-banks are 
specially noticeable ; above Dundee the Frith at low-'^yater 
shows little more than a series of slimy banks, with winding 
w^ater-lanes ; and below Dundee, at the mouth of the estuary, 
the mud and sand are pushing out seaward, so as to form a 
well-defined submarine delta. In short, it is evident that all 
the friths on the east side of the island have been and are 
still being gradually silted up. Yet we may still trace elon- 
gated hollows in these friths. There is one 48 ft. deep 
opposite Droughty Ferry ; two occur in Beauly Loch, 108 ft. 
and 72 ft deep respectively ; Cromarty Frith is 120 ft. deeper 
than the sea outside, and although Dornoch Frith is very 
shallow, it is still 36 ft, deep above the Bar, which is only 
1 2 ft. below the sea. 

To return to the west coast: I would first direct the 
readers attention to the general slope of the sea-bottom, 
as represented upon the map (Plate XIL), which has been 
reduced for me by my friend and colleague, Mr. R. L. Jack, from 
the Admiralty charts of the west coast of Scotland.t It will 
be observed that (putting rock-basins for the moment out of 
account) the bottom of the sea in the North Minch falls away 
towards the north, a river being inserted to show the direc- 

* In tbe borings made for tbe projected bridge across tbe Forth, a mile above 
Blackness Castle, tbe mud and clay lying upon tbe bottom of tbe Fritb were 
found to vary in tMckness from 90 up to i76 ft. 

t Scotlandt West Coast, ivom surveys by Captains Kobinson, Otter, and E. 
I. Bedford, Commanders Wood, Thomas, and other officers; Ireland,, Imt 
Coast, from surveys by Capt. Beechey and others. Nos. 2,365 and 1,824. 
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tioii tlie drainage would take were an eleratioii of the whole 
west coast, to the extent of 600 ft. to superwene. Between 
the north end of Skye and the Shiant Isles the soiindings 
indicate the existence of a ridge which would form a lo-\y 
■watershed betTyeen the country of the North Minch and that 
lying to the south. The configuration of this latter, how- 
ever, is exceedingly irregular, and it is difficult to ascertain 
from the charts in what direction the lakes in the Little 
Minch would drain ; most likely, however, it ^voixld be soutli- 
west into the large lake which is represented as s^veeping from 
South Uist round Barra Head, and sending a river out to the 
sea. West from the Island of Islay another stream is inserted 
to show the slope of the land in that direction. It must not 
be supposed that these rivers are put down at random. The 
charts have been closely follow’'ed, and it is believed that the 
lines indicated are as near as possible those that would be 
taken by the streams and rivers upon an elevation of 600 ft. 
A greater number might have been inserted, but it ^was 
thought better to give only such as would suffice to indicate 
the general slope of the sea-bottom. 

A glance at the map will show that the chief submarine 
basins occupy certain well-defined positions, and form two 
distinct groups. The first group embraces wbat may be 
termed fiord-basins. Enough has been said in the preceding 
chapter regarding the rock-hollows which are laiown to occur 
in our sea-lochs. These of course agree in direction with the 
sea-lochs, with w-hich they are sometimes almost co-extensive, 
as in the case of Loch Fyne ; or entirely so, as in the case of 
Loch Etive. But an examination of the Admiralty charts 
proves the existence of numerous submarine basins wbicli lie 
beyond tbe sea-lochs, and run parallel to the course of sounds, 
channels, and straits. As examples we may take the basins 
of Raasay Sound, the Inner Sound, Sleat Sound, the Passage 
of Tiree, the Frith of Lorn, and Jura Sound. Now, these 
basins occur in what are simply the continuations of fiord- 
valleys. If the land were elevated for 600 ft. it would be 
seen that all these ‘"^Sounds” and ‘^Passages’’ only formed 
the lower reaches of mountam-valle37^. The Sound of Jura, 
for example, would appear as a w41d mountain-valley con- 
tiniioEs with that of Loch Craignish. In the same manner, 
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Sleat Sound would be continuous witb the valley that now 
holds Lochs Alsh and Hourn. And each of these valleys, as 
the map shows, would contain deep freshwater lakes. We 
may therefore define the fiord-hmins as those hollows which 
occupy the beds of, and extend in the same direction as, sub- 
merged mountain-valleys. They therefore follow the general 
slope of the sea-bottom, as the map itself sufficiently indi- 
cates. 

Eeasons have already been given for concluding that the 
rock-basins in our sea-lochs were excavated by glaciers which 
once filled all those now submerged land-valleys. We may 
next examine one or two of the rock-basins that occur in the 
sounds and straits, for the purpose of ascertaining whether 
appearances are such as to indicate a similar origin for them. 

The map represents a large lake as occupying the sites 
of Raasay Sound and the Inner Sound, and stretching north- 
wards to a point opposite Loch Broom, This is one of the 
deepest areas on the west coast of Scotland, the lip of the 
submerged basin being 50 fathoms, and its deepest part no 
less than 138 fathoms below the surface of the -sea. Were 
the land to be sufficiently elevated, we should have here a 
freshwater lake 88 fathoms, or 528 ft in depth ; so that, 
even were the land to be upheaved for 600 ft., the bottom of 
the Raasay Lake would still be 38 fathoms below the level of 
the sea. Its deepest part trends along the east coasts of 
Raasay and Rona, and it shallows gradually away towards the 
north ; that is to say, it is deepest where the channel is 
narrow — ^while, on the contrary, it begins , to shallow as it 
expands into the North Minch. Now, if we examine the 
map of glacial striae, we shall find that this large submerged 
basin was at one time occupied by a massive glacier that 
flowed in precisely the same direction as the trend of the basin 
itself, that is towards the north. Note further, that the strite 
on the shores of Lochs Carron and Kishorn show that the 
glacier-ice which once filled those lochs spread over the low 
grounds of Skj^e between Broadford and Loch Eishart, where 
also it has left marks of its passage. This was doubtless at 
the same time that Raasay Sound and the Inner Sound were 
choked with glacier masses streaming outwards from Skye, 
Gairloch, Loch Torridon, and Loch Carron itself. For the 
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reasons given in tte preceding cliapter, tlie erosion produced 
by tMs ice would be most excessive where the latter was 
strangled or compressed and heajped up. Consequently we 
find that it is between the mainland and the islands of 
Eaasay and Rona that the basin attains its greatest depth. 
As the glacier crept out into the Minch it had room to 
expand, and therefore its erosive action became weaker in 
that direction. 

I have selected for illustration one of the simplest cases. 
When we come to examine other fiord-basins, -we not infre- 
quently find that they are mixed up with a set of basins 
which cannot be said to coincide with mountain-valleys. 
These form our second group, one or two simple examples' of 
which I shall describe first, and thereafter point out how the 
two groups sometimes coalesce. 

The basins of the second group not infrequently extend at 
right angles to the trend of the fiord-basins, and are most 
typically developed along the inner shores of islands, espe- 
cially when these are placed opposite the mouths of sounds 
and sea-lochs. As good examples, I may mention the great 
series of basins that stretch along the inner shores of the 
Outer Hebrides. For reasons which will be given presently, 
these may be conveniently termed deflection-haains. 

A good example of a deflection-basin •will be observed 
circling round the north of Rum. It reaches its greatest 
depth opposite Loch Eishart, where the excavation on the 
sea-bottom is as much as 74 fathoms, the bottom of the basin 
being 139 fathoms from the surface. Now it is certain that 
this is precisely where, during the climax of the glacial epoch, 
there would be immense erosion caused by the stemming of 
the ice that streamed out from the Coolin Mountains and 
Loch Eishart. Note how the basin is continued into Ganna 
Sound, where it attains a depth of more than 50 fathoms, its 
bottom being 130 fathoms below the surface of the sea. A 
similar deep excavation makes its appearance between Eigg 
and Rum, which has an actual depth of not less than 48 
fathoms, although the bed of the sea is only 86 to 88 fathoms 
deep at that place. AJthough this latter basin is separated from 
the one lying north of Rum, they were doubtless formed by 
the same glacier-mass, which, splitting tipon Rum, would 
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pour, round.' that island, and 'exert, excessiye erosive power in 
tlie channels that separate Rum from. Eigg.and €hniia* 

/'Let us take another example. Mention has already .been 
.made of the deep basin, that extends north from' the' .Inner 
Sound into the North Minch, where it ends against the 
Shiant Isles and a bank known to fishermen as the Shiant 
East Bank. It mil he observed that feeing the end of the 
Eaasav basin (which is a fiord-basin), another deep submarine 
hollow extends itself along the shore of the Long Island, oppo- 
site Loch Shell. This, there can he no doubt, belongs to our 
group of deflection-basins..' When' the ice ' which, ploughed . 
out the Raasay basin flowed out so far as to reach the Shiant 
East Bank, it would have a tendency to creep along the 
general slope of what now forms the bed of the sea; that 
is, it would trend towards the north. But as the whole of 
the North Mincli became at the same time choked with 
glaciers descending from the wilds of Sutherland, it is evident 
that its passage in that direction would necessarily be blocked 
up. It would therefore be compelled to abut upon Lewis. 
Now we know that the ice which filled the North Minch 
attained so great a thickness that its upper strata ivere 
enabled to overflow the wfeole of Lewis from, south-east to 
north-west, to a height of not less than 1,300 feet, and pro- 
bably even higher than that. This is shown by the abundant 
traces of glacial erosion all over the island. But while the 
upper strata of ice were grinding across Lewis, there would 
necessarily be an undertow tending along the coast both 
to the north-east and the south-west. The greatest pressure 
would be exerted close in shor^, where the high ground 
opposed the direct passage of the ice ; and hence deflection- 
basins would be scooped out in such places. The process, 
indeed, would be precisely the same as in the case of Rum. 
The map represents a whole series of similar basins, extending 
along the inner margin of. the Outer Hebrkles. ^ . None, of 
tliese are fiord-basins, but off 'the .mouth of Loch Bimvegan, 
in Skye, there appears... to be a union of basins belonging to 
both groups. South of Benbecula, however, the hollows 
, which trend, along the coast, of the Hebrides .seem certainly 
to be defleetion-basms. This will become apparent wdien 
we reflect that, during the climax of the glacial epoch, the 
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comparatively open sjpace lying between Benbecula, South. 
Uist, and Barra, on the one hand, and Skye, Rum, Coll, and 
Tiree, on the other, naust have been filled with glacier-ice. 
From. Loch Bhracadail, Loch Ejmort, Loch Bhreatal, and Loch 
Seavaig, thick masses descended and became confluent with 
the ice that carved out the deep rock-basin lying north of 
Ruin. Kt the same time glaciers streaming out from the 
Kyles of Skye, Loch Hoiirn, and Loch Kevis united in Sleat 
Sound, and swept past Eigg in the same general direction, 
namely towards south-west by west, until the mer de 
glace dnitted upon the Outer Hebrides. Here, then, there 
would be intense grinding power exerted; and while the 
upper strata of the ice would overflow in a westerly or north- 
westerly direction such portions as were not too lofty, the 
lower strata of the glacier-mass would sweep south-west by 
south, until, as the ice rounded the opposing high ground, it 
found freedom to extend itself more to the west, and so to 
shelve off into deep water. Thus the trend of many of the 
submarine basins, as shown u|)on the map, indicates the 
direction followed by the undertow of the great mer de glace, 
and will not always be found to run parallel with the marks 
of glacial erosion upon the contiguous land. For example, 
the deflection-basins lying off the east coast of Lewis trend 
from south-west to north-east, whereas the glacial markings 
on the land go across the island from south-east to north- 
"west. 

The two groups of basins which I have thus briefly de- 
scribed frequently become confluent, as one would naturally 
have expected. The upper reaches of Loch Carron, for 
example, occupy a fiord-basin, but where the hollow expands 
from the Kyles of Skye to north-west it forms a deflection- 
basin ; it is along its lower margin, indeed, where this hollow 
attains its greatest depth. If the land were elevated for 
600 feet we should find the sea-bottom deeply scooped and 
hollowed in front of all the islets that stood right in the 
way of the ice-flow. But the map only shows such hollows 
as would form rock-basins and become freshwater lakes. Yet 
if we examine the Admiralty , charts, we shall observe that a 
deep horse-shoe-shaped excavation "woukl circle round the 
north end of Eigg, being evidently the work of the ice that 
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came' dom-'Q Sleat Sounds and so with other islets ; but when 
these are not Terj"' high, the erosion in front of them has been 
less excessi'Te. In short, if the sea-floor were exposed to 
^xiew, we should find that wherever abrupt ground rose oppo- 
site, the mouth of a mountain-valley, a hollow of greater or 
less depth would circle round it like a collar. The islaiitl of 
A.rran would afford a splendid example ;; the island of IMuU, 
opposite Loch Linnhe, would be another hardly less striking ; 
so 'would ..Rum, Eigg, Coll opposite the Sound of Mill], aiwl 
.many, others. Thus the .two groups of basins ever and anon 
coalesce, and in fact graduate into each other. Nevertheless, 
they must be distinguished, for while the fiord-basins inva- 
riably indicate the direct route taken hy the mer de glace, the 
deflection-basins frequently indicate only the trend of the 
undertow, the up^per strata having often overflowed the 
opposing land, and so swept on in the original direction. 

But the most striking example of the union of fiord- and 
chfiection-hasim is afforded by the deep hollows that lie in 
the Sound of Jura, the North Channel, and the Irish Sea. 
Between Knapdale (Argyleshire) and the island of Jura, it 
will be observed that an elongated basin extends from Loch 
Craignisli down the Sound of Jura, and is continuous with a 
great hollow that stretches south-east and south by the 
North Channel into the Irish Sea, and terminates at a point 
between Carnarvonshire and county Wicklow. In the first 
edition of this work, I described the Jura basin as a fiord- 
basin, separated from the deflection-basin that lies north of 
Rathlin Island ; but an examination of the latest issue of 
the Admiralty chart of the East Coast of Ireland” (No. 
1,824) shows that the two basins are confluent, and that 
the lip or edge of the great submarine hollow is marked by 
the 50-fatho'm line. The deepest part of 'the Jura portion 
lies between Xoeh.. . Crinan and .a point nearly opposite the, 
..extreme south, end-., of Jura Island. In this long* narrow 
section the depths are very irregmlar ; in fact, the hollow 
here consists of a .string . of smal.l rock-basins, ranging from^ 

■ 83 to 110 fatho-ms in 'depth, the lip of the .basin itself being 
50 fathoms from- the .surface ; so, that in actual depjth, the 
upper reaches, of the basin attain, at -the most, 33 to 60 
fathoms. From, the south end of Jura . the basin ■.. widens out, 
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and as it does so it gradually sliallows, attaining, lioweyer, 
an exceptional deptli (70 fathoms) immediately opposite the 
north point of Gigha Island. Now these appearances are 
precisely such as might have been expected ; the narrow and 
deep portions of the basin occur just in those places where 
the erosive power of the ice would be greatest ; and, on the 
other hand, the basin shallows as the fiord-valley opens out, 
for the simple reason that there the ice had room to extend 
itself. 

When, during the climax of glacial cold, the confluent 
ice-masses were enabled to encroach still farther upon the 
bed of the sea, the Scottish mer de glace advancing upon the 
coasts of Antrim and Donegal became confluent with the 
Irish ice-sheet. This is well shown by the manner in which 
the glacial marldngs in the extreme north of Ireland turn 
away towards the west and south-east, instead of pointing 
right out to sea. The Scotch ice split upon Ireland, and 
flowed westward into the Atlantic, and south-east by the 
North Channel into the Irish Sea, and was continuous with 
the ice that overflowed the Isle of Man from north-east to 
south-west. 

Since there can be no question that the Irish coast 
deflected the ice-current that streamed tow^ards it from Scot- 
land, there must have been great erosion upon the bed of the 
sea adjoining Ireland, and we ought to find there great 
hollows corresponding to the deep submarine troughs that 
occur along the inner margin of the Outer Hebrides, and in 
other similar positions. A glance at the map will show 
that precisely the same appearances recur off the Irish Coast. 
Opposite Rathlin Island we find a depth of not less than 
133 fathoms ; the dotted line upon the map enclosing all 
the area which is at, or over, 100 fathoms from the surface. 
It is evident that this deep part of the great submarine 
hollow does not rest in a fiord- valley like that which now 
forms the Sound of Jura ; there is no sea-loch or deep land- 
valley oj)ening out upon it from the Irish Coast. If exca- 
vated by ice, that ice could not have flowed from Ireland. 
There can be no doubt that we have here an excellent 
example of a deflection-basin; for it is just opposite Rathlin 
Island that the immense glacier-mass discharging by the 
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Soiincl of Jura, met witli'resistaBce to its progress. Eatliliii 
.Island, in fact, beliayed like- a large boulder in tlie l)etl of a, 
stream ; it stemmed the current, wliicli was tliiis .forced to 
fl.ow east and west, and the usual result followed, a hollow 
was dug out in front If the, linear trend of the fiortThasin 
ill the Sound of; Jura indicates the former path of the 
glacier that formed' it, not less does the crcscent-shaped 
defl^^dionljasm at .Rathlin Island, point out where the ice- 
current divided to flow in different directions. 

But, as I have- said, the Jura basin and tlic hollow in front 
of Ratlilin Island, arc.;: only tlie deeper portions of one gre-at 
^submarine trough, ■ the lip. of wliieh is formed l)y the 
SO-fathom line.' ■ iSlearly midway between tlie Wigtownsliire 
coast-line and the Irish coast, the Admiralty chart shows a 
long trench which runs parallel to the shores of the ailjiieent 
countries. This trench ■ reaches the depth of llOe&tlionis, 
and .is deeper by about' ,70 flithoms than any part of the 
great submari'iie liollow between the <lefleetion-ba.si.ii of Rath- 
lin Island, and the termination of the great hollow itself in 
the Irish Sea. It is just where this deep excavation exists 
that the eros.iTe power of the ice would be most excessive, as 
my colleague, Mr. J. Horne, has pointed out.* For ..the 
Scotch and Irish ice, uniting on the bed of the Irish Channel, 
must have been mutually subjected to intense compression 
and constriction ; a.nd such increased constriction means of 
course greater pressure, and, conseguentiy, more intense 
erosion.. 

The great', hollow, a-s we trace, it south, gradually shallows 
to a depth from .the surface of' 52 fathoms at a point oppo- 
site Lambay Isla-nd,- after wliieh it again deepens to. 84 
fathoms, and finally shelves O'ff at a deptli of 50 ia thorns. 
Taking the lip of the trough at 50 fathoms from the surfece, 
we find that the extreme depths appear in tlie Sound of. Jura 
(70 fathoms) ; opposite' Rathlin Island (SS fatlioms) ; in the 
Irish Cliannel, hetween Wigtonsliire and the opposite coasts 
of Ireland (90 ' fathoms)'.;' and midway between Dublin Bay 
and Holyhead. Bay '(8.4 'fathoms). Let the reader note .the 
fact that the greate.st :,.e'XcavEtion upon the sea-bottom oppo-. 
,site the west 'cmast of • 'the 'ISmrtherii Highlands is 528 ft. in 
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tlie SouBcI of Eaasay. Tliis great deptli is exceeded by tEe 
hollow in the Irish Channel, for if the whole area of the 
British Islands were elevated so as to convert the adjoining 
seas into dry land, we should find an elongated lake extend- 
ing from the Scottish Highlands southwards to the region 
between Wales and Wicklow county in Ireland, a length of 
not less than 240 miles, with a maximum depth of 594 ft. 

Besides the groups of basins now described, a number of 
small ones are indicated upon the map as scattered about at 
a distance both from the fiord-valleys and islands. These 
are comparatively shallow, scarcely exceeding seven or eight 
fathoms in *deptli, and not often attaining even that. As a 
rule, their longer axis coincides in direction with what appears 
to have been the path of the mer de glace. Similar small 
hollows often occur in low-lying tracts on the land, as, for 
example, in the low grounds of Lewis, where they are seen to 
coincide in direction with the lines of glacial erosion. Some 
of these are rock-basins, and others are mere depressions in 
the glacial deposits."*" 

In fine, it seems to me that the distribution of submarine 
basins round the coasts of Scotland strikingly confirms the 
conclusions we had arrived at from an examination of the 
glaciated aspect of the land itself ; namely, that the whole 
country — with the exception, perhaps, of the higher hill-tops 
—was at one time deeply smothered in ice, which flowed out 
from all the sea-lochs, overflow-mg the islands off the coasts, 
and only stopping at last in the deep waters of the Atlantic. 
And it is no less evident, to my mind at least, that the 
remarkable distribution of deep submarine hollows can only 
be accounted for by Professor Eamsay s theory of the glacial 
origin of rock-basins. 

* I OTiglit to mention that, owing to the small scale of the map, Plate XII., 
it has not been possible to show many of the submarine hollows which are indi- 
cated by the Admiralty charts ; only those have been noticed which could be 
adequately represented. ■ 
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. POSTCI.A€UL AND EECEHT BEPOSITS OF SCOTLAKI). 

Eitised beaches,— Faintly-marked.,. terraces, &c.., at high lercls. — Flat forms of 
gravel, A'c. — Hatforms -and notcheB cut in, rock. — liaised beaches at mouth ^of 
Btinchar, at Hew port, and Tayport. — Higbejst-level beaches belong to glacial 
series.— Evidence of cold climatic conditions during formation of some post- 
glacial beaches. — Oscillations of level. — liaised beaches at the lower levels. 
—Human relics in raised beaches. — Proofs of oscillations of level. — Bub* 
marine peat-mosses, &e. — Blown sand. 

T he accumulations wliieh must next engage our attention 
carry on the story of the past from the close of the 
glacial epoch to the present ; they are, therefore, termed by 
geologists the postglaeial and recent formations, and com- 
p>ris 0 raised beaches, blown sand, peat-mosses, and alluTium. 
These will be described in the order they are here mentioned, 
nob because that order is strictly chronological, but simply 
for conTenience’ sake. When the conditions of their accu- 
mulation hawe been ascertained, 'we shall be in a better 
position to discuss the question of their relative age. 

In Chapter XXII. w^e considered the subject of certain 
beds containing marine organisms, and w’'ere enabled to come 
to these conclusions, namely, that in late glacial times Scot- 
land was submerged to some extent below the waves, and 
that during this submergence the temperature of our seas wms 
somewhat arctic. - We found reasons for concluding that 
after the ice-sheet melted back , the sea probably encroached 
to a height of one hundred' feet or so above the present 
coast-line. During interglacial times the submergence was 
certainly much greater, for we find marine clays with shells 
at a height of 526 ft. above the present sea-level, and the 
actual submergence may have . greatly exceeded that amount. 
No undoubtedly postglacial marine deposits have been met 
with above a height of 100 ft., but -we find now and again 
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in maritime districts, up to a height of several hundred feet, 
more or less well-marked shelves or terraces which have been 
1 excavated in the solid rock. These appear to indicate old 
sea-margins, but the higher ones at least probably belono- to 
interglacial times. If they had been formed in postglacial 
times we ought certainly to have found some traces of them 
in the interior of the country ; yet I have never met with 
any such raised beaches in the inland districts. Dr. Chambers 
in his “Ancient Sea-Margins,” has given a number of in- 
stances of what he took to be old sea-beaches at heights 
approaching, and even exceeding, 1,000 ft. But none of 
these, I fear, can be relied upon as evidence of wave-work. 
The shelves on the Eildon Hills and the "West Lomond Hill 
are cases of atmospheric erosion, and similar markings occur 
on every hill-side where the rocky strata are horizontal or 
approximately so. The examples quoted by the same author 
from the upper reaches of the valleys of the Clyde and Tweed 
are, some of them, flutings formed by the action of ancient 
glaciers, others are merely river deposits, while very many of 
the terraces at much lower levels, as for example those at 
Peebles, Kelso, &c., are also of fluviatile origin. Again, the 
Parallel Eoads of Glen Eoy’", which have formed so fruitful a 
source of controversy, are no longer recognised as ancient 
sea-margins, but as lake-terraces. Indeed, when we consider 
the conditions under which the great glaciers disappeared, 
we cannot but be chary of ascribing any deposits met with 
in the interior of the country to the action of the sea. Beds 
of gravel, sand, and silt occur in such extraordinary positions 
in the Alps and other highly glaciated regions that we may 
well pause before deciding upon the marine origin of any 
such unfossiliferous depo.sits occupying similar positions in 
our own country. I do not, however, assert that the sub- 
mergence in late glacial and postglacial times cannot have 
exceeded 100 ft. or thereabout ; all I mean to say is, that at 
present we have no certain evidence of any greater submer- 
gence than that : the exact amount has yet to be ascertained. 

If we have thus reasonable doubts as to the marine origin 
of such shelves and terraces as may sometimes be detected in 
the interior of the country, we can have little hesitation in 
ascribing to the action of the sea those platforms of rock, 
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aiitl more or less broad terraces of silt, sand, and gravel wliieli 
in so many places skirt the coasts. The terraced 
are often plcntifuliy stocked with the shells of tlie c*omriioi:i 
littoral molhises, and the whole aspect of the aeciimiilatioiis 
heaves one in no doubt as to their being ancient sea-margins, 
When such a terrace is followed inland from the coast it is 
usually foiiiul to abut more or less abruptly against a stticqily- 
sloping l)ank or a well-marked cliif of hrird rock, at tlie Irnise 
of which wo may often observe caves and hollows wiiieh are 
evidently the work of th^ 

As might naturally be expected, the raised 1)eaches at the 
lowest levels are, the best preserved — those at' the higher 
levels occurring often in mere |>atches, and lacing hardly 
apparent except to a trained eye. These last liave been 
moJifiod and to a large extent obliterated 1:>y the grinding of 
the latest ice-sheet, and since then ordinary atmosplieric 
action has so told upon them that tlieir sharper outlines have 
frequently been smoothed off, and the terraced appearance 
well-nigh obliterated. This is especially the case v^hc-re tlio 
shores are abrupt and rocky, and present Ijold cliffs to the 
sweep of the waves. Yet even on such rugged promontories 
we may occasionally detect shelves hewn into the seaward 
slopes of the hills. It is difficult indeed to perceive these 
when we are actually upon the ground, but when we retire 
to some little distance, so as to catch the profile of the land, 
they are then seen to form prominent platforms and notches. 
Soriie admirable examples of the kind occur along the bold 
coast-line in the south, of 'Ayrshire, particularly' on the high 
grounds that face to . the' .-sea at the mouth of the river 
Stinchar ; others -are noticeahio on, the shores of .Fife,, as near 
Elic. They m.ay also be seen again and again on the rugged 
coasts of the western islands. The most continuous succes- 
sion of shelves and terraces which I .have observed at any 
one part of the coast, occurs, between Newport and Inniy- 
port-on-craig (Frith of Tay). '.The lower terraces at those 
places consist of gravel ■ and saiid~the higher ones, being 
excavated in the solid rock. They are seven and perhaps 
eight in number — their levels being respectively 25, 50-5*4, 
75-78, 100, 115-150, 250, 290, and 350 ft above mean 
water; the last-mentioned one, however, is very faintly 


POSTGLACIAL DEPOSITS OF SCOTLAND. 299 


marked. Similar shelves and terraces occur at the same or 
approximately the same levels, and also at intermediate 
levels, at many places both on the west and east shores of 
central and southern Scotland. The higher ones all belong 
to the glacial and interglacial series, hut even in those at the 
lowest levels we have indications of a somewhat colder climate 
than the country now experiences. And probably, when all 
the raised beaches have been examined in sufficient detail, it 
will be found that the retreat of the sea in postglacial times 
was not continuous, but interrupted by occasional pauses, 
and perhaps by occasional re-encroachments. There are 
indications of this even in some of the higher postglacial 
terraces. Thus, near Trinity (Frith of Forth), at a height 
of 70~80 ft. above the sea, Dr. Chambers observed a bed 
of peat under 10 ft. of sea-sand — the peat containing the 
remains of trees that were rooted in an underlying stratum 
of blue clay.*''* Facts of a similar kind have been noted not 
far from the same place ;t and the inference is that after the 
sea had so far retired, and vegetation had covered the country, 
there was a relapse to the former conditions, and the sea 
again advanced for some distance upon the land, until a bed 
of sand was deposited above the peat and prostrate trees. 
A much more striking example of this oscillation of the sea- 
level is furnished by certain facts connected with the latest 
raised beaches, as I shall now proceed to point out. 

When we get down to levels below 60 ft. we find that 
both on the east and west coasts of central and southern 
Scotland there are two well-marked raised beaches, the upper 
of which occurs at a height varying from 45 ft. to 55 ft. or 
thereabout above the present sea-level. This old beach often 
extends continuously, and with some breadth, for consider- 
able distances, but as a rule it appears for the most part 
only here and there in what seem to have been once shel- 
tered bays. Nevertheless, on projecting promontories we 
not infrequently find it represented by a shelf cut in the 
solid rock. The terraced deposits consist principally of 
gravel and sand, and frequently contain shells belonging to 
existing British species, associated with which there have 
occurred certain shells that seem to be now restricted to 

♦ Ancimt Bea Margins^ p. 17 . f Op, ei, loo, cit. 
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more Bortiiem.. latitudes/"'- ItJs in this same terrace that 
the earliest traces of man appear to have been recognised. 
In the , parish of Dtindonald^ Ajn-shire, a rude ornament made 
of cannel coal was found at -a height of SO ft. aboTO the sea- 
lefel, resting .upon boulder-clay, and coTered with gravel 
coiitai,niiig marine shells. t ■ Tliis evidence is perhaps slight, 
but it seems doubtful 'whether the h'liinan relics which have 
been disinterred from marine deposits so abiindantly at lower 
levels than 50 ft. may not in reality sometimes belong to the 
age of the 45-55 ft. beach, or even to earlier times still : of 
this, however, more anon. 

But by far the hast pre.served and most interesting of 
the old raised beaches is that which occurs at a height of 
25-30 ft, above the present mean-tide mark in the Priths 
of Tay, Forth, Clyde, and Solway, and generally both on the 
east and "west coasts of central and southern Scotland. When 
traced north-east to Aberdeen, it appears, according to Mr. 
Jamieson, + gradually to lose in elevation until it sinks to a 
height of only eight or ten feet above high-water. Along 
the steep and. rocky sections of the coast this raised beach 
exists only as a narrow’ shelf hewn into the solid rocks, and 
in not a few’ exposed places it seems to be entirely absent. 
But wherever the land falls away to the sea in a long gentle 
slope the 25-30 ft. beach is usually -well-marked, forming a 
broad terrace that may sometimes extend inland for a dis- 
tance of several miles. Of this nature are the great carse- 
lands of the estuaries — the Carse of GowTie, the Carse of 
Falkirk and Stirling (Plate XIII.), and the broad flats through 
■which the Clyde flow^s in its lower reaches, are all raised 
beaches or terraces. So constantly present is this strip of 
flat land round the coasts that there are very few’ sea-port 
towms and villages in Scotland wdiich are not built upon it. 

The silts, clays, and.' /Sands, ■&€., of -which this beach is 
composed, have, in many places, yielded abundance of shells 
— all of which, without a single exception, are still living 
round the coasts. But, besides shells, tliere have also been 

.Ammiatim - MeporU^ 1862; A. Gcikic, ‘‘On tlio 
Glacial Drift of Scotland, ” frm$> '.GtoL' Soe, Gim., %’oI. i. pt. ii. ; the latter 
author suggests that imaihl)* these more northern forms maj have been washed 
out of dtjposits of glacial age, 

f Antiquity of Man, -p, El. 
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found tlie skeletons of seals and wLales. Tlie latter were 
got in the Garse of Stirling at a height of twenty or twenty- 
feet above the present tide, and at a distance of several 
■failes from the sea. Along with one of the skeletons (dis- 
covered in 1819, during the famous improvements on Blair- 
Driimniond Moss), a perforated lance of deer's horn was 
obtained.'"'' Again, on a later occasion (1824), a similar 
implement, evidently intended for a harpoon and still retain- 
ing part of the handle, was found associated in the same way 
with another skeleton of a whale.t But these are not the 
only traces of man which the alluvial deposits of the low- 
lying carse-lands have yielded. A canoe, hollowed out of a 
single oak-tree, and measuring 36 ft. in length by 4 ft. in 
breadth, was exposed to view in the Carse of Balkirk by the 
undermining of its banks by the river Carron. It lay at a 
depth fi*om the surface of 15 ft., and was overlaid with 
successive layers of clay, shells, moss, sand, and gravel, t 
Another canoe was dug up near Falkirk at a depth of 30 ft. 
from the surface. § In the 25-30 raised beach of the Clyde, 
at and near Glasgow, [| at least twenty canoes have been dis- 
covered at various times, while digging foundations for houses 
and in cutting drains. Most of these are formed of single 
trees ; others indicate greater skill in construction — one being 
built of several pieces of oak, but without ribs — another 
having its base and keel formed of a single oak, to which 
were attached ribs, planks, and a prow with a high cut-'water. 
In another specimen of these ancient craft a circular hole in 
the bottom was plugged with corh — pointing, as some anti- 
quaries have suggested, to intercourse with Spain or southern 
France; but cork is light, and may have floated to the 
shores of the Clyde. A beautifully polished stone implement 
was found in the bottom of an old canoe, discovered so far 
back as 1780, while digging the foundation of Old St. 
Enoch’s Church, Glasgow, The only recorded instance of 

Min. JPhil Jour., vol. i. p. 395; Ibid. Tol. xi. pp. 220, 415; Memoirs Tier- 
mrian Society , vol. iii. p. 327* 
f Memoirs Wernerian Soeietf, toI. v. p. 440. 
j JBibliotheea Topog. Brit., No. 2, part iii. p. 242. 

§ Beauties of Scotland, ill. "p. 4:19. 

jl See Chapman*8 (5/ p. 152; ChBmbem'B Amimt Bea-Margim 

p.*203 ; J.-Buclianaa’s Glasgow, Bast and Fresmi ; Tram. Gml. Soc. Glas., voi. iii. 
p. 370. : ■ 
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the O'Cciirrenee of hiiiBaii 'remams , at aiiv eoiisiileraUe depth ■ 
ill the old carse lauds is- that of' a 'skull, wliith was dug up, in 
1S43, 21 ft. below the'-surface at GTaiigeiiioiitli. 

Xo decided traces of iee-actioii hare be«3ii detocte«l in the 
deposits belonging to the 25-30 ft, raised beaeli. It is true 
that, ill the cdav-pits ■ on both sides of the Forth at tliis 
elevation' above the .sea, contorted bedding is a eoiniiioii. 
occurrence, but these contorted clay -beds b«}long iiiKpiestioii-, 
ably to the late glacial 'series* — the 25-30 ft. l)eaeh is merely, 
cut into them, and now' and again the gravel and sand <d‘ the 
old beach may he seen lying upon the diuiiidiMl ciay-be«ls, 
wdiieh have e video tly.suffei'ed eonsideralile erosion. Here and 
there large boulders rest upon the raised beach, but tliey 
have plainly been derived from the denudation of the boulder- 
clay. Boulders are . scattered along the present beach in 
exactly the same ivay. The observer has, therefore, to be on 
his guard lest he should melude among the deposits belong- 
ing to the 25-30 ft. beach every superficial accuimilation that 
may chance to occur at that elevation, tie roust always 
remeiiiber that the beach is not entirely a terrace of deposi- 
tion — but over wide districts is merely a shelf, broad or 
narrow' as the case may be, cut out of pre-existing deposits 
of clay, sand, and gravel, and sometimes out of solid rock. 

Before leaving the subject of these raised beaches, it must 
be mentioned that beds of peat containing trunks and roots 
of trees frequently occur underneath the deposits of the carse- 
lands, and submerged peat-mosses and ancient forests appear 
at many places round the coasts, as w’ill be more particularly 
described iu the next chapter. There can be no doubt that 
these indicate an old' land-surface ■ that ' existed prior to .the. 
deposition of the earse-clays. ■ They therefore prove that the 
see-saw' movement of wdiich there are so.me traces in .the 
higher raised beaches, -was; repeated at a later stage. The sea 
retreated until all .the area' now covered liy the earse-clays 
w^as converted into . dry ground. Trees then iioiirislied and 
decayed, and were CYentiially submerged,- and ■ buried under-. 

■ ■ ^..Ko hard and fast line can at present, or probably evt.T will lie, drawn 
,, ..between, tbs glacial and .postglacml deposits — for tbe one mtist sliade into tbe 
' -o,tber.'.. The deposits laid. down .diu'ing the last subriiergence oi‘ 100 feet, were, of 
, coiiise, eroded and partially re-arranged .as the land 'again emerged above the 

'..■■•waves* - ■■■ 



r 


postglacial deposits of SCOTLANI). 303 

neatli great deposits o£ silt and sand. Then, finally, the land 
emerged and the sea retired to its present level. 

Now, since the peat and trees occur at the bottom of the 
carse-clays, and are usually found overlying glacial deposits, 
it is clear that, so far as direct evidence goes, they must be 
older than the 25-30 ft. raised beach, and they may be, and 
probably are, older than the 45-55 ft. beach. When the sea 
stood at a height of 50 ft. above its present level — or, if the 
reader prefers it, when the land stood just so many feet 
below that datum-line— clay and silt must have accumulated 
in our estuaries and bays just as it did when the land had 
risen some 25 ft. higher. Indeed, if it be true, as some 
evidence would lead one to infer, that glaciers may still have 
lingered on at the heads of some of the higher valleys even 
after the 45-50 ft. beach began to be formed, then the rivers 
would bear seawards a much greater quantity of fine silt than 
they could at a later date, when the glaciers had dwindled 
down to utter insignificance, or even disappeared altogether. 
And it does seem reasonable, therefore, to hold that some 
part at least of the carse-clays was laid down upon the sea- 
bottom at a time when the waves beat along the 50 ft. level. 
From which it would follo-w that the bulk of the buried and 
submerged peat-mosses belongs to a period anterior in date 
to either of those two raised beaches: that, in short, the 
mosses indicate a submergence and subsequent emergence of 
50 ft. and more since the time that they and the trees ^vhich 
they enclose grew green upon the land. It seems also pro- 
bable that some of the primitive canoes may have sailed in 
the waters of the Clyde when the sea reached not 25 or 30, 
but 45 or 55 ft. higher than now. 

Of the which are met with here and there 

along the coasts, it hardly falls 'within the scope of this work 
to say more than a few ■words. They occur generally on low-- 
lying shore-lands, and very often at or near where a large 
river enters the sea. They frequently form long chains of 
dunes that extend parallel to themselves and the coast-line. 
The Tent-Moor, between Ta37'port and'tho mouth of the Eden, 
is the best example of the kind w-hich I have seen. The 
ridges there are wonderfully persistent and well-defined. In 
other places, as at Stevenston on the Ayrshire coast, they 
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form ' imgiikr . Immmoeks and banks, ; Some , of tlio most 
extensiYe acciimnlations are found along the shores. of the 
Moraj Frith, and Mr. Jamieson thinks that these hare pro- 
bably some connection with .the .riTers entering the sea in 
their neighbourhood — ^the sands of Culbin., for example, haTi.ng 
been derived in great measure from the sand brought clow,n 
by, the Spey, the .Findhorn, and the .Nairn,* But in many 
instances they , appear rather to be derived from the denuda- 
tion of p,re-existing dri.ft deposits. . Siieh is certainly the 
case with those, on the shores of Ayrshire and the Fritli of 
Forth, So much is this so, that it is often impossiWo to 
draw a line upon the map to indicate wdiat is true recent 
blown sand and -what is drift belonging to the glacial series. 
Blown sands are certainly very often connected with the great 
river-valleys, but this appears in most cases that I have seen 
to be due to the fact that those river-valleys coiitain abundant 
gravel and sand deposits of glacial age wliich, upon the low 
coast-lands at their mouths, become exposed to the combined 
action of the sea and the wund. 

* Quarf, Jour. GeoL Soe. 1S55, p. 192. 
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POSTGLAeiAL AKD EECENT DEPOSITS OF SCOTLAKD— 

Continued. 

Foat-mosses, their composition. — Trees under peat, their distribution. — Sub- 
merged peat-mosses of Scotland, England, Ireland, Channel Islands, France, 
Holland. — Loss of land. — Continental Britain. — Climatic conditions. — 
Causes of decay and overthrow of the ancient forests.— Growth of the peat- 
mosses. — Climatic change. — ^Decay of peat-mosses. 

E veryone is famiUar with the fact that very large areas 
in Scotland are covered with more or less thick coatings 
of peat. These are not confined to any particular region, hut 
they certainly occur in greatest abundance in iijfiand and 
highland districts, where the soil is frequently obscured over 
many square miles in extent. 

That a peat-moss is entirely composed of vegetable matter 
I need hardly say — that it has been formed by the growth 
and decay of successive generations of plants no one doubts : 
and these plants, moreover, as is well known, are still in- 
digenous to the country. Such being the case, there may 
seem to be no difficulty in understanding how it comes to 
pass that we have peat-mosses. The plants w-hich go to form 
these turbaries are still growfing, and if we only allow them 
sufficient time, no doubt they will give rise to more peat- 
mosses. But when tve begin to look a little more closely 
into the matter, we find that we cannot settle the question 
quite so easily. It is well knowm that underneath the bogs 
and peat-mosses, roots, trunks and branches of forest-trees 
and shrubs occur in great profusion. Here, then, is a diffi- 
culty, This buried timber assuredly marks the sites of ancient 
forests. How, then, did the peat come to overwhelm them? 
To discover this, it is obviously necessary that should 
first endeavour to ascertain what kinds of trees are buried 
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under the peah and. how .they are distiihiited through the 
eonnt'ry. 

.The Scottish mosses'' haTe yielded oak^ pine, bircli, 
hazel, alder, willow, juniper, ^c. — all of them species which 
are mm now indigenous to the country. There itouIcI appear, 
however, to be an interesting exception to the rule, for it is 
said, on good botanical authority, that the, cones of Abies' 
pieea (silver fi.r) have -been dug out of the peat in Orkney — - 
a tree which is common in Norway, but not now indigenous 
to Scotland, . From the position , occupied by the buried 
trees, it is positively certain that they actually grew in place. 
The stools are rooted in the old soil ; the trunks, branches, 
twigs, and even the leaves, lie all about. Nay, more than 
this, each species is found rooted upon that particular kind 
of soil which it is known to prefer: thus pines occupy the 
lighter gravelly soils, and oaks the heavier clays. Again, we 
find that the pine predominates in high-level mosses, while 
the oak abounds most in the bogs of the lower grounds. 

Then, as regards the distribution of the ancient forests, it 
is no overstatement to say that they occur everywhere. I 
know of but few areas of peat-moss in wdiich they have not 
been detected ; and this is not peculiar to the mainland, but 
even characterizes the little outlying islands. The visitor to 
Lewis is startled to find amidst the blank desolation and 
sterility of its extensive moorlands, the trunks of full-grown 
trees, consisting of oak, alder, birch, and especially Scotch fir. 
Now, the only trees in the island are those which Sir James 
Mathieson has, at great expense, reared around his residence. 
Yet, in some of the islands of the Outer Hebrides, a few 
stunted stems of hazel, birch, and mountain-asli may occa- 
sionally be seen clinging to the rocks, in places which are 
beyond the reach ' of ■ sheep and cattle. The bare islands of 
Orkney and Shetland have also at one time supported large 
trees, while of the mainland itself it is difficult to say what 
district has .not waved w.ith greenery. The bare ..flats of 
Caithness, tlie storm-swept valleys of the Western H.ighlaiids, 
the dreary moorland tracts of Perthshire and the north- 
eastern counties,, the peaty uplands of Peeblesshire' and,:,, the 
Borders, and the wilds ■ of Canick and CMloway have each 
treasured up ' abundant relies of . a . bygone .age of forests. '" 
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It would seem also that some of our trees had a gxeater 
vertical and horizontal range in old times than they have 
now. ifi'- Watson gives 600 yards and upwards as the 
height reached by the Scotch pine at present. But he “has 
seen also small scattered examples at 800 or even 850 yards 
of elevation.’’ These last, however, he thinks had probably 
been planted. But that the pine,” he continues, “ has 
grown naturally on the Grampians at an equal elevation in 
former ages, is rendered certain by the roots still remaining 
in the peat-mosses of the high table-lands of Forfar and 
Aberdeen at 800 yards and upwards.”* Again, in Glenavon, 
Banffshire, there are peat-mosses nearly 3,000 ft. above the 
sea, with abundant roots of the pine ;t and in the north of 
England they have been met with at a similar height. + The 
Scotch pine now ranges from Perthshire into Sutherland 
within lat. 56^-59° but in ancient times it must have grown 
indiscriminately throughout the length and breadth of Bri- 
tain, since we meet with it in many of the English mosses, as 
well those of southern as of northern districts. 

The common oak has a similar wide diftusion in the peat- 
mosses, and the same remark applies to other species. 
Nothing indeed is more common than to meet with buried 
trunks of very large dimensions, occupying levels and posi- 
tions which are now in the highest clegree unfavourable to 
the growth of timber ; and this not only in the interior parts 
of the country, for great trees are frequently dug out of peat 
close to the sea-shore. § 

But one of the most noteworthy points in connection 
with the peat-mosses remains to be mentioned. They are 
frequently found to pass below the level of the sea. This 
peculiarity has been observed in many places all round the 
coasts. It is needless to describe these submerged forests in 
detail, but I may note a few localities wdiere they have been 
seen. On the coast of the Bay of Skaill (Orkney) an acre of 
peat-moss containing roots and trunks of fir-trees exposed 

* Cphele J5ritanmeaj Yol, a. p. 

t Sinclair’s Staiistical Acmini of Scotland^ vol. xii. p. 451. 

%Mj:,YSfynQh^GixioitAhiCybeUBritanmcayloe.cit, 

^Edinburgh PMUsopMeal Journal^ Yol. XYii. p. 53 j see Ehiiosophical 
Transactions, toI. rxii. p. 980 ; and tlie Statistical Account of Scotland (Old und 
New), passim, 
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diiri!ig'a''Stom 'by tbe.wasbing away of the '' superincumbent 
sand.* Again, on the north coast of the island of Sanday 
(one of the Orkneys) decayed roots of trees are seen at ebb 
tidt3 upon the beach at Otterwick Bay,t and the like occurs in 
the bay of Sandwiek, another of the same group of islands. J 

In the sea, at Lybster, and under the sa,nds of .Reiss in 
Caithness, my colleague, Mr. B. .N, Peach, tells me he 1.111,8 .seen 
sunk peat with large trees. 

A number of years ago, while some improvements were 
being made in the harbour of Aberdeen, a good many trunks 
of oak of large size were dug up, and their position showed 
that they had not been brought down by the river, but liad 
grown where they were found.! lu the parish of Belhelvie, 
in the same county, peat-moss occurs under the sea-level, and 
is covered to a depth of ten or twelve feet with sand. Oak- 
remains appear in this peat, and from the &ct that during 
storms large cubical blocks of peat are often cast on shore, it 
seems probable that the peat-moss and its buried forest extend 
for some distance out into the bay. II 

In the Carse of Gowrie it is well known that trunks of 
oak, willow, and other trees lie buried at depths varying 
from twenty to twenty-seven and even to forty feet. All 
these are really at or below the sea-level, for the suiftice of 
the carse does not rise more than twenty to thirty feet above 
that datum-line. At the Braes of Monorgan and Polgavie, 
the river Tay has cut down through the earse-land and 
exposed a bed of peat four feet thick, containing trunks of 
oak, fir, alder, and birch, the roots of which penetrate an old 
soil. This peat, which now forms the bed of the river, is 
buried below some seventeen feet of alluvial matter, through- 
out which a good deal of vegetable debris occurs; towards 
the top of the section, ...cockles, mussels, and other sea-shells 
make their appearance. It is said also that in sinking wells 
in the earse-land, deers’ horns, skulls, and. other bones” 
have frequently been found, along with tlio remains of the 
trees mentioned ahove.^ 

At Flisk, on the south side' of the Bvith of Tay, submerged 
P/»/. /wr., toL ill. p. 100. 

t Sinclair ’ iSiatistkal Aceount^yoh ¥ii. p. 4# I ; Barry’s Orkm^' Mmds. 

X yeu\8igiutkai AcemnL “ §, Mid. 

II Mid. *f Sinclair’s Sististicai A^count^ vol. xvi. p. § 56 .' 
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peat-moss has been traced along the beach in one place for a 
^stance of three miles, and in another for no less than seven 
miles. It contams hazel and hazel-nuts, and -what appears 
to be alder, and the roots are said to occur in places at ten 
feet below the limits of the full tide.* A thin bed of peat, 
also may be seen at low water on the shores of the Frith of 
Forth, a little to the east of Largo. 

In the islands of the Hebrides the same phenomena may 
be studied. At Pabbay, for example, peat with large trees 
is exposed at ebb of the spring tides, and on the coasts of 
Harris, wherever a high bank has been undermined and cut 
back by the sea, a rich loam or black moss is discovered. 
And this is by no means peculiar to Harris, but characterizes 
all the low-lying sandy shores of the Long Island, t as in 
North Uist and Vallay, at both of which places submarine 
peat and trees occur. + Again, on the north-west coast of 
Three, and here and there in Coll, the same appearances 
recur. § 

Nor are similar phenomena wanting along the western 
shores of the mainland, for trees and peat have been found 
under low-water mark at Loch Alsh ; II while at Oban the 
bottom of the harbour, which is not less than twenty fathoms 
deep, is said to be covered Avith peat in some places. 

The phenomena of droAvned trees and peat-mosses are by 
no means confined to Scotland. They appear quite as con- 
stantly in England** and Ireland,tt nor are they absent on 
the further side of the English Channel. Sunk forests 
abound along the coasts of Brittany, Normandy, and the 
Channel Islands, Avhere trees have been observed at a depth 
which could not have been less than sixty feet below 
high-water. Similarly, off the shores of Holland, Holstein, 
SlesAvdg, and Denmark, submarine peat-mosses occur. 

Now these facts enable us to conclude that the sea has 
Avithin geologically recent times made considerable encroach- 
ments upon the land. It is quite clear that our shores and 


* IVaMj. Sw. JS'fe., vol. ix. p. 419. . , ... 

t Sinclair’s Stat. A.cc., vol. x. p. 373. + A'ol. xm. p. 321. 

§ Min. mi. Jour., vol. vii. p. 125. I 

if Dr. Andersoix’s JPraGtical Treatise on p* lou. 

** Fhilosophical Transactions, toI. xxii. p- J. p« 5 1 ; vo , ^ * 
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" tlie opposite coasts of tlie Continent liave, at some period of 
the: past j extended miieh farther seawanl We infer this not 
only from the tacts connected with the siil)merged mosses, 
blit also from the large size of the, buried trees of tin? mari- 
'time districts. In most of the islands it is impossible for 
trees now to attain, to ■ res 2 :teetable dimensions, unless they are 
.care',fiilly protected and looked after. Wlnm the liiiried 
forests of the Hebrides a.nd 'Orkney and Shetland Islands 
were growing, no doubt the land stood at a relati'vely .higher 
level and the sea at a greater distance. 

.Blit more, than" all this, peat }'.ias been drtnlged for out in 
the (derman Ocean and the English Cluinnel ; ami iresh-* 
water and littoral shells have been dredged in deep water at 
distances of fourteen and forty miles from the nearest land/'' 
Add to these eases the frequent occurrence of mammalian 
remains— bones and tusks of the mammoth— which have 
been obtained often at a considerable distanee from the Eng- 
lish coast, both in the North Sea and the English Channel, 
and we shall hardly escape from agreeing with ilr. Godwin- 
Austen and Mr. Trimmer, who have inferred that at no 
distant date, geologically speaking, the bed of the North Sea 
was a great undulating plain traversed from south to north 
by a mighty river, which carried the tribute of the Thames, 
the Rhhie, and other streams, and j)oiired in one magnificent 
flood into the N orthem Ocean. 

At this period the British Islands were, in all probability, 
joined to each other, stretching farther westwards than now 
into the Atlantic ; even reaching, perhaps, to the edge of the 
100-fathom plateau. We cannot of course positively assert 
that this last was the case, but a full consideration of tlie evi- 
dence in all its bearings, leaves one hardly any room for 
doubt. Botany, zoolog}", and geologi" alike seem to require 
a continental Britain to explain the frets. The plants and 
animals that now clothe and people our islands have been, 
in large measure, derived fi'om the Continent, and some land- 
passage ivas needed in recent times for them to cross by. 
The geological evidence proves that a much larger area of 
land must certainly have existed ; and if the bed of the sea 
were only to be elevated so far as to expose to the light of 

yjI. vli. p, 134; BiVf. Tol. xxii.,p. 160. 
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clay all the peat wMcli has been reached in dredging and 
sounding, Britain would immediately become part and parcel 
of the Continent ; for our seas are very shallow, no part of 
the German Ocean, the English Channel, or the Irish Sea 
being anywhere so deep as Loch Lomond. An elevation of 
from twenty to thirty fathoms Avould drain nearly all the 
German Ocean between England and the Continent, and 
twenty fathoms more would lay dry the same sea between 
Scotland and Denmark. The average depth of the Irish 
Sea is not more than sixty fathoms, and that of the Minch 
does not exceed the same depth. By an elevation of only 
some 400 ft., every little islet off our coasts would unite with 
the mainland, and the mainland with the Continent. Such 
a degree of upheaval, however, is not absolutely required to 
explain the phenomena of the submarine forests: 250 or 
S50 ft. would perhaps suffice. 

The character of the buried timber indicates pretty clearly 
the kind of climate experienced at that time in Britain. It 
is impossible to look at the thick bark and the tough resinous 
wood of the bog-pines, without feeling sure that the winters 
then were much colder than they are now. A rigorous 
climate is required to produce the best pine-wood, and it has 
frequently been observed in the north of Scotland that trees 
grown in the most exposed situations show the reddest wood 
and the thickest bark. Yet pines dug out of mosses in the 
south of England compare favourably with the best timber 
in the old pine forests of Kothiemurchus. This of itself is 
enough to show that our climate has greatly changed within 
comparatively recent times. 

But again, the presence of large oaks buried in peat, at 
heights and in situations that would now be considered most 
unfavourable to their growth, bespeaks the former prevalence 
of somewhat warmer summers. In short, we are led to con- 
clude that the seasons during the growth of the ancient 
forests were more strongly contrasted than they are now. 
Such conditions ‘would naturally follow upon the union of 
Britain with the Continent. With broad wooded plains sub- 
stituted: for the German Ocean and the Irish Sea, and with a 
wider spread of land along our western sea-board, it can 
hardly be doubted that, other things being equal, our climate 
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would be greatly affected, so mucii so as to approacli in 
character to tliat of Germany. 

We have now to inquire what it was that caused the decay 
and overthrow of the ancient forests, and induced the growth 
of peat-mosses instead. 

It has been surmised by some writers tliat miicdi of the old 
timber may have been blown down, and they luxve refern ‘il 
to the fact that all the trees in some peat-mosses often lie in 
one direction, as if they had met their fate at one and tlie 
same time.* The woods, as we hiiow, grew tliiek and close, 
the trunks rose tall and straight, and their root>s were fewer 
and not so widely spreading as they would have. Ikhui hul 
the trees grown in isolated positions. Hence, wlnui a breach 
was once effected by the overthrow of the sturdier trunks 
that guarded the oiitskii'ts of the forest, the destruction of 
the less firmly-rooted timber, it has been thought, would 
speedily follow. Doubtless many acres may have been deso- 
lated in this way. But it seems extravagant to infer that 
all the buried timber met its fate after this fashion. Wo 
cannot suppose the peculiar position of the trees to be in 
every instance the result of violent storms. Trees are usually 
bent over in some particular direction by prevailing winds, 
and when any cause leads to their overthrow, whether it 
be natural decay or otherwise, they naturally fall as they 
lean. 

Other causes of destruction have been suggested, such as 
lightning, and what are known in America as ice-storms. 
Neither of these causes can be quite ignored, yet they can 
hardly have been other than partial in their operation. 

But when we come to ask what share man has had in the 
work, we find that he has been a far more potent agent of 
destruction than any of the causes yet referred to. Besides 
the evidence of his hand afforded by the charred wood unde? 
peat, we sometimes come upon marks of acke and hatchet 

The earliest historical accounts of North Britain have 
afforded abundant food for controversy to antiquarians, but 

^ Highlit itd Socictifs Ffize Bssags^ toI, ii. p. 19 (Old Series); Bennie's Msags- 
M? Peat-mositj p. al ; Sinclair's SttrL Aee, vols. iv. p. 214 ; v. p. 131 ; andxr. 
I». 484 ; Keu' Ace* Pmieg and Carluke* Vide also, for similar pbenomena in 
English and foreign peat-mosses, yoI. xxii, p. 9S0; BmmCB Mssag& ; 

hQgnQ.v, Be TurJis.xi.H* 
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when the geologist has gleaned together the few descriptive 
remarks which occur here and there, in the pages of Tacitus, 
Dion Cassius, Herodian, and others, he will find that his 
knowledge of the physical aspect of Scotland does not amount 
to much that is very definite. He will learn, however, that 
Caledonia wvas notorious on account of its impenetrable 
ferests and impassable morasses. But the precise extent of 
ground covered by these wmods and marshes must always be 
matter of conjecture. The forest-land known as Sylva Cole- 
donice appears to have stretched north of the wall of Severus, 
but south of that boundary large forests must have existed ; 
indeed, dowm to much more recent times, many wide districts 
of southern Scotland could still boast of their woodlands. 
Of the nature of those waste plains, described by the ancients 
as full of pools and marshes, we can have little doul^t, 
although w^e cannot of course pretend to point out their par- 
ticular site. Those who have traversed the central counties 
of Scotland must have been struck with the numberless 
sheets of alluvium which everyw^here meet the eye, betoken- 
ing the presence, in former days, of so many little lakes. In 
Bleau's Atlas, many lochans appear in spots that have long 
ago come under the dominion of the plough. These, how- 
ever, must form but a small proportion of the lakes >7111011 
have been drained since the time of the Eomans. Such 
inconsiderable peaty lochans >vere not likely to merit par- 
ticular mention by those who had gazed on the Alpine lakes,, 
save as they became vexatious interruptions to their progress 
through the country, and surrounded, as many of them in all 
probability "were, with treacherous morasses, the words of the 
old historians appear to have been descriptive enough of 
certain ample areas in the Scottish Lowlands. 

It seems to have been the common practice of the Eomans 
to cut down the trees for some distance on either side a 
"' way,’’ to prevent surprise by the enemy. Several old 
" ways ” have been discovered on the clearing away of 
mosses, and in their neighbourhood lie many trunks of trees, 
bearing evidence of having fallen by the hand of man. The 
presence of Eoman axes and coins leaves us in no doubt as 
to who the destroyers w^ere. But it is quite evident that 
such embedded relics do not enable us to fix the age of a 
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peat-moss. Tliey merely tell iis that tiie origin of tlie, peat 
cannot date back beyond ' a certain perioil, but may be 
ascribed to any subsequent time. lienee it is impossible to 
say wliat amount of waste we are to set down to the credit 
of tlie Homans. Some authors hare, perhaps, Ijeeii too ready 
to exiiggerate the 'damage done, by tlie legions. The buried 
fc)rest.s which can be proved to have fallen .l)eh:)re Roman axe 
and hrobraiid are not many after all ; but we may reasonably 
suppose that these form only a portion of rla* woods which 
were cleared at that time. 

We have, however, wliat appears to be direct evi«lence to 
show that some regions had been divested of tlieir growing 
timber before the Roman period ; for, if Soliiius may be 
trusted, the Orkneys were, in the days of the Romans, bare 
and bleak as they have been ever since. He says, '' They are 
three in number, and contain neither inhabitants nor woods; 
here and there they bristle with shaggy copse and herbs, but, 
for the most part, all they show is bare sand and rock.’' A 
patriotic Orcadian might insist that the statement three in 
number ” renders what follows untrustworthy ; and perhaps 
he might prefer the testimony of Ossian, who, in his poem of 
** Carric-thiira,” says of some island in the group, a rock 
bends along the coast with all its echoing wood.” According 
to Torfaeus (historiographer to the King of Denmark),* the 
condition of the Orkneys in the year 890 agreed with 
the description given by Soliims.t For at that time 
Einar conferred a great boon upon his countrymen by 
teaching them the use of peat for fuel — there being then, 
as Torfaeus says, no woods in the islands. Yet it is well 
known that the peat-mosses of the Orkneys, and even 
those of the Shetlands, contain the remains of considerable 
trees. 

My limits will not permit me to consider in detail accounts 
of the condition of 'the Scottish forests in. times, subsequent 
to the Roman period.- Any reference by the chroniclers to- 
the state of the woodlands is only incidental, and perhaps 
not alwa}\s to he relied upon. It is interesting, however, to 
learn from Boethius that the horrida Sylva Ckdcdorilm had 

.Torfeeiis i^rote about 1690. He. a iiatiTe 'of Icelaad, and, died in. 1720. 

", t 'Soltos is. sup-posed to 'iiave written about A.u. -240. 
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in Ms time become mere matter of Mstory,^ He further tells 
us that Fifeshire had formerly been well wooded (in the times 
of some of his early Scottish kings) ; but "‘it is now/* * * § says 
his old translator, “ bair of woddis ; for the thevis were 
sometime sa frequent in the samin that they micht na way 
be dantity quhill the woddis war bet down/*t Again 
Boethius describes the island of Isla (whose peat-mosses con- 
tain roots and trunks of trees) to be an island rich in metals 
which could not be wrought on account of the want of 
w'ood.'| ‘ ' 

After the period to which Boece refers, any allusions to 
the aspect of the country are best sought for in cartularies 
and such records. For the rights acquired by monasteries 
over various forests throughout the country, these cartularies 
afford abundant evidence. Chalmers § has enumerated many 
instances of special gi'ants by kings and barons “ of particular 
forests in pasturage and panage, and for cutting -wood for 
building, burning, and all other purposes ;** and Mr. Tytlerll 
has added to the list. It need hardly be remarked that the 
greater part of these wmodlands has long disappeared. And 
jet the old cartularies “abound with notices of forests in 
every shire during the Scoto-Saxon period.** I have not 
hesitated to quote the authority of those records, and the 
opinions of two such learned and correct writers as Chalmers 
and Tytler. No one can deny that the evidence of the 
cartularies is in favour of a better wmoded condition for the 
country than now obtains. But wm must guard against 
the mistake of supposing that all the area embraced under 
the designation of a “ forest ** w^as covered with forest-trees. 
And there can be little doubt that both Chalmers and Tytler 
read the cartularies in the light of the facts which are dis- 
closed by the peat-mosses. The trunks of pine, oak, ash, 
and other hard timber dug out of the mosses, w^'ere regarded 

* If tliis had not been the case, he would surely have quoted a less ancient 
authority than Ptolemy for the site of the ancient forest. See Comnogra^liie and 
Pmription of Albion. 

t CronihUs of Scotland, 

J Bellenden’s version of the passage is characteristic. He says, Isla is “full 
of metallis, gif thair wer ony crafty and induslrius peple to win the samin ; ” but 
lie quietly drops aU allusion to the want of wood in the island. 

§ vol. i. p. 792, 

li Mist, of Scot. f ii. chap. ii. third edit., and the authorities there quoted 

and referred to. 
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as proofs tliat the regions indicated by the; cartularies were 
in. reality the sites of great forests at the time to which those 
records refer. But it is probable, nay, in ixiany cases quite 
certain, that much of this, buried timber belongs to; a more 
remote, period.. But even ‘"with this, reservation, Scotland, 
down to the fourteenth century, would ap}»ejir hardly to 
have . merited the description gnmn by *Eiieas Silviiis, at a 
later date. During the ciwil commotions of the country,* 
and the long wars with England, t much wood seems to have 
been destrojmd, and the- gradual progress of cultivation also 
began to encroach upon the forest-lands. The great number 
of salt-pans that were early established in Scotland, and the 
right which the proprietors iisiially obtained to cut the 
requisite firewood from the forests of the country, was 
another cause of destruction, and much timber disappeared 
in this way from the maritime districts. But although wood 
appears to have been the fuel commonly employed in the 
rnanufiicture of salt, yet it is not unlikely that peat may also 
have been burned in some cases. It is certain, at least, that 
peat was a common enough fuel in David I/s reign, and 
thatj “petaries became frequent objects of grant to the 
abbots and convents during the Scoto-Saxon period/’ This 
fact ought perhaps to be looked upon as a farther proof of 
the increasing decay of the forests. 

But by far the most remarkable testimony to the bare con- 
dition of the country is furnished by the Acts of the Scottish 
Parliament. From the times of the^ first James, stringent 
acts were adopted by successive Parliaments,! having for their 

* Poredun relates that Robert the Bruce defeated the Earl of Buchan near 
Inverury, and ravaged the district with fire. The marks of fire are said to 
he visible on the trees in the peat-mosses of that neighbourhood. Sinclair's 
Statistical Account^ vol, sx. p. 144. 

t Knighton mentions that in the reign of Richard 11., the English, under the 
Duke of Lancaster, besides firing the forests, employed eighty thousand hatchets 
in the work of their destruction. ; 

X CaUdonia, vol. i p. 793. 

§ See Acts of Scottish P&rlimncnt, The more interesting acts referring to the 
state of the woods were passed as follows: — James I., Second Parliament, 
A.D. 1424 ; James II., Ponrteenth Parliament, a.d. 1457 ; James IT., Sext Par- 
liament, A,B. 1503; James Y., Fourth Parliament, a.I). 1535; Mary, Sext 
Parliament, 1555 ; James YI., First Parliament, 1567, Sixth Parliament, 1579, 
Eleventh Parliament, 1587. It is curious to notice how, from the time of 
Jamcii I., the penalties imposed upon the destroyers of wood increase in severity. 
I^eciiniary fines are succeeded in time hy stocks, prison, or Irons ; the culprit is to 
be fed on bread and water during confinement, and to be scourged before parting 
from his jailers. The climax is reached in the following act, w%ich became law 
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object tlie preservation of the woods, .^neas Silvius (after- 
wards Pope Pius II.), who visited this country about the middle 
of the fifteenth century, relates: ‘‘We have seen the poor 
people almost naked, who came to beg at the doors of the 
temples, receive for alms pieces of a stone, with which they 
went away contented. This kind of stone, being impreg- 
nated either with sulphur or some other combustible material, 
they burn instead of wood, of which their country is destitute.’^* 
Such a statement regarding the bare condition of the country 
might have been thought somewhat exaggerated, for it is the 
testimony of a visitor from more favoured climates ; but its 
truth is curiously illustrated by an Act of Scottish Parliament, 
passed in the reign of James IV. — “Anent the artikle of 
greenewood, because that the Wood of Scotland is utterly 
destroyed, the unlaw theirof beand sa little : Therefore, &c.t 

There are, of course, numerous traditions regarding the 
former wooded condition of various districts from which the 
trees have long since been stripped. Many of these refer 
to some of those woods 'which I have abeady mentioned, 
as being frequently named in the cartularies and similar 
records. 

Another line of evidence is supplied by local names; but 
into this subject I cannot enter here. 

The short outline of historical facts now given seems to 
prove : — 

1st. That when the Romans entered Britain they found 
the surface of the country to some extent covered with 
forests, but diversified in many places with bogs and marshes. 

2nd, That to this period ^Ye must refer the destruction of 
some portions of the ancient forests, whose remains are dug 
out of the peat-mosses ; but what amount of damage the 
woods then sustained we have no means of ascertaining. 

3rd. That from the time which elapsed after the departure 
of the Romans down to the eleventh centurj^ we have no 
certain records referring to the state of preservation of any 
part of the Scottish woods, unless we except the statement of 

in 1587 Whatsoever persone or persones wilfully destroyis and cuttis 
growand trees and comes, sail he called therefore before the Justice or his 
deputes, at Justice Airs, or particular diettes, and punished therefore to the 
death, as thieves.” 

* JDe Eiiropa, csjp. 46. f Sext Parliament, A.n. 1503. 
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Boetliiiis, wlio' tells- US', tliat Fife had in a great measure been 
diTested of its forests ^by some of his eariy' Scottish kings. |v - 
, 4tli. That from the eleTenth to the thirteenth century^ and 
down .ereii to later' times, there aj^pear to, have been still 
consiJtnYible areas of forestdand, the rights to which were 
frequently granted to ecclesiastical eommiiiiities and others. 

otli. That during' these centuries niiicli forest was thus 
cleared and brought under cultivation ; that at the same 
time woods were exhausted by building and burning, more 
especially as fuel for the salt-works ; while extensive tracts 
were displenished and laid waste during times of war and 
civil strife. 

6th, That from the time of James I. there appears to 
have been a progressive decay of the remainder of the 
Scottish woods. 

There can be no doubt, then, that man must be credited 
with no small share in the wmrk of destruction. It may be 
questioned, however, whether he was, after all, the chief 
agent. Certain considerations would seem to show that too 
much has been reckoned up against him. 

We have seen that the general character and distribution 
of much of the timber in our peat-bogs points to the former 
prevalence of a somewhat excessive climate, and I have 
sought to connect this period with that continental condition 
of Britain which geologists are generally agreed did obtain 
within comparatively recent times. Now, when our area 
once more became insular, it is almost needless to say that 
this change would react upon the climate— the winters would 
become milder, and the summers cooler. The trees in what 
are now the maritime districts, would soon succumb to the 
influence of the sea air. Thus, wide areas along the coasts,* 
and in the islands of Orkney, Shetland, and the Hebrides^ 
would be displenished. The trees, falling to the ground^ 
would obstruct the surface-drainage, and thus give rise to 
marshes in which the hog-mosses would speedily multiply, 
until, by-and-by,, they-. oYer\?helmed the prostrate timber, and 
covered the whole with a mantle of growing peat. Nor can 
it bo doubted, that, on the moist hill-tops, and in many 
places in the interior of the country, s changes would 
come about. 
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It is a mistake, however, to suppose that peat-moss always 
overlies a prostrate forest. There are cases where no trace of 
wood can be detected. Peat of this description is not im- 
commoii in the upland districts of the south of Scotland, 
where it frequently clothes the tojys and sloj>es of considerable 
hills to a depth of from 6 to 12, and even 16 ft. Here, 
then, there are no trees to account for its presence. Again, 
in the mosses of the higher hill-tops, ■when trees do occur, 
they are of small size — mere brushwood, in fact, the over- 
throw of which, we can hardly think, would have done much 
in the way of collecting moisture for the support of the bog- 
mosses. 

From a consideration of these and other points, it seems 
not unreasonable to suppose that the decay of the woods and 
the growth of the peat were both alike to some extent 
induced by a change of climate. Insulation would render 
the country less capable of supporting an exuberant forest- 
growth, and would at the same time increase the moisture of 
the atmosphere, and thus favour the spreading of the bog- 
moss and its allies. 

As the beginning of these changes carries us back far beyond 
the earliest dawn of history, it follows that much of the peat 
and buried timber of our country may be of great antiquity. 
And, indeed, in the cases of many mosses, we seem more 
likely to err in ascribing too recent than too early a date to 
the period of their formation. We cannot estimate the time 
which has gone by since the Western Islands suj)ported those 
timber-trees, the remains of which are dug out of the mosses. 
It is highly probable, that, at the period in question, those 
islands were joined with the mainland, and shared a con- 
tinental climate. To the same date we may refer much of 
the buried timber of the Orkney and Shetland Islands. 
Again, the more elevated peat-mosses of the country must 
have been among the first to be formed ; for, any change 
from a continental to an insular state would tell first upon 
the trees that grew along the sea-board, and at the higher 
elevations of the land. It seems reasonable, therefore, to 
conclude that, long before the Romans set foot in Britain, the 
overthrow of timber and tlie growth of peat-moss had made 
considerable progress ; that, in short, the Caledonian Wood 


JZQ 


THE GREAT ICE AGE. 


\?as, but: tlie, relics of tliat great forest wMcli in former ages 
bad. spread over all the area of these islands and the' derman^ 
Ocean. 

Fanning operations have encroached, and every year are 
continaiiig to encroach, upon the moss-lands. But a very 
long time indeed will elapse before the great “ flow-mosses’* 
or quaking bogs, some of whicdi exceed 40 ft. in depth, shall 
be improved out of existence. Draining, however, has done 
miiclii to stop the growth of peat in many places, and is 
destined to do still more. I feel sure, from what I have 
myself seen, that tlie general decay of the peat-mosses (I 
refer more especially to those on flat hill-tops and sloping 
ground) far exceeds the rate of growth. Frost and rain are 
breaking down the peat and washing it rapidly away, and in 
mnwy cases only a few shreds have been left scattered here 
and there over the tops and slopes of the hills. Under 
|)resent climatic conditions, the eventual clearing of all these 
high grounds is only a question of time. This change must, 
no doubt, be attributed, in large measure, to improved 
systems of drainage, but it seems not improbable that it may 
also in some degree be due to a lessened rainfall— the mosses 
not receiving so much moisture as they did in former times. 
But, for obvious reasons, this would be a very difficult m'atter 
to prove."'’ 

*■ For general information on Scottish peat-mosses consult Eennie’s JSssa^s on 
Fe-iit ; Alton’s Treatise on the Origin, Qualities, and CuUimtion of Moss-earth ; and 
Steel’s Mistorg of Teat-moss. Dr. Anderson’s Tractical Treatise on Teat is a 
whimsical attempt to prove that peat-moss is a plant sui generis ! [The account 
of the Scottish peat-mosses given above is condensed from a paper the author 
communicated to the Edinburgh Boyal Society {Trans, vol. xxiv. p. 363, 1866). 
Eecently Mr. Axel Biytt, a Norwegian naturalist, has come to similar results 
iroiu an examination of the flora and the peat-mosses of Norway. Some account 
of bis conclusions will be found in chapter xxxH.] 
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POSTGLACIAL AND BECENT DEPOSITS OF SCOTLAND 

Continued, 

Action of tLe weather on rocks. — Erosion hy running water. — Postglacial 
erosion insignificant in amount as compared with denudation during last 
interglacial period. — Becent river-terraces. — Silted-up lakes. — Marl-beds. — 
Organic remains in freshwater alluvia. — Human relics. — Conclusions re- 
garding succession of events in postglacial times. — General summary of 
glacial, interglacial and postglacial changes. 

T he great erosion caused by tie continuous grinding of 
gigantic masses of ice — the rounded outline given to crags 
and MUs — ^the scooping-out of deep basins in solid rocks — 
and the accumulation of thick and wide-spread deposits of 
till — •seem, by comparison, so immensely more important 
than the results effected by the action of rain and frost, a,s at 
first sight to render these somewhat insignificant. A little 
reflection, however, will serve to dispel this notion, and show 
us that, even in the absence of snow-fields and glaciers, the 
waste of the land by the other atmospheric forces must be 
enormous. 

Let us recall the appearance presented by the Scottish 
mountains — bold hummocky masses of rock, for the most 
part, but often bristling with splintered crags and shattered 
precipices. See how frequently the hilltops are buried in 
their own ruin, and how the flanks are in many places cur- 
tained with long sweeps of loose angular blocks and rubbish, 
that shoot down from the base of cliff* and scaur to the dark 
glens below. All this is the work of rain and frost. When 
the whole country was swathed in snow and ice, the hills 
and valleys no doubt experienced considerable degradation 
from tbe grinding action of the confluent glaciers ; but then, 
on the other hand, frost was debarred in large measure from 
carrying on its usual work of destruction — ^for only a very 
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few of tlie highest mountains then lifted their heads above 
the level of the , far-extended r/ier de glace. Glacial erosion 
during these conditions was^ no doubt, ' excessive ,; but we 
must remember that the continuous grinding of a glacier' upon 
■its bed produces less effect than the simple action of the 
frost upon such rocks as are exposed above its surfece. Con- 
sequently under extreme climatic conditions, the greater the 
area of bare rock, the more considerable will the waste be ; 
the moraines of small glaciers being proportionately larger 
tlnaii those of more important ice-ilows. Thus, long after the 
glaciers of Scotland had dwindled down to comparative 
insignificance, the wuste amongst the mountains must still 
have been prodigious. The extreme cold of those old times 
has long since passed away, but even now, when no j)ersistent 
snow-fields exist, the havoc eftected by frost is yet very 
considerable. 

Then, again, we have to bear in mind that the whole 
surface of the country is being subjected to the abrading 
action of running water. Under the influence of rain, soil is 
continually travellmg down from higher to lower levels ; rills 
and brooklets are gouging out deep trenches in the subsoils 
and solid rocks ; streams and livers are constantly wearing 
away their banks and transporting sediment to the sea. The 
gravel and sand and silt that pave the numerous water- 
courses, are but the week and ruin of the land, and it is 
easy to see, that, since the close of the glacial epoch, immense 
quantities of material have been thus abstracted from the 
country. The streams and rivers have been worldng deeper 
and deeper into the bottoms of the valleys, and leaving 
behind them terrace after terrace of alluviar detritus to mark 
the different levels at which they formerly flowed. And if 
we tried to estimate the amount of material which has been 
thus cut out of the valleys and carried seawards, we should 
no longer feel inclined to imdervaliie the erosive power exerted 
by running water. But we should not have proceeded far in 
our investigations before we became aware of the fact that, 
groat as this erosion has been since glacial times, it is yet 
insignificant as compared with the vast denudation which was 
effected daring the last stage of the glacial period, that is, 
during the accumulation of the gravel and sand that were 
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laid down in tlie final retreat of the glaciers. It was then 
that the till and other glacial deposits were swept out of the 
valleys, and the solid rocks themselves deeply incised. 
During the succeeding period of partial sub- 
mergence, the sea no doubt eroded the super- 
ficial materials here and there, and scarped out 
shelves on the slopes of the hills in maritime 
districts, but its work was chiefly that of re- 
arranging and re-assorting — the clearing-out 
of the valleys, many of wliich had been choked 
up with debris by the glaciers, was well-nigh 
exclusively effected by the great rivers and 
floods of the last glacial period. 

In the annexed diagram (Fig. 53) I have 
indicated the relative positions occupied by 
the modern or recent river deposits, and those 
that belong to the era of the receding glaciers. 

The solid rock is shown at r t ; the till at 1 1 ; 
the glacial river gravels at gr gf ; and the recent 
deposits at a a. These appearances compel us 
to infer, first, that till not only covered the 
side slopes, but also cumbered the bottom of 
the valley to a considerable depth. Then came 
the final stage of the last glacial period, with 
its big rivers, which ploughed out the till and, 
as they deepened their channels, clothed the 
sides of the valleys with gravel and sand. 

Finally, the rivers became much reduced in 
volume, and began to re-excavate the glacial 
gravels and sand; and as they cut their 'way 
into the bottom of the valley, successive ter- 
races of alluvial gravel, sand, and silt, were left 
fringing the valley slopes, as shown at a a. ^ 

I have described the various kinds of lakes 
that exist in Scotland, and have shown how 
not a few of these have been silted up by 
the streams since glacial times. Such filled-up ^ 
lakes are probably far more numerous than we have any 
idea of— for it is ahvays difficult to prove that a wide 
flat of alluvial ground marks the site of an ancient lake. 

Y 2 
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Tlie' barriers that formerly held in the water^ become oblite- 
rated, either by beiiag swept away, or buried deeply under 
recent deposits. ,'Siieli is the case with not a few rock-basins, 
where the lower lip ' of I’ock is often' concealed .below" silt, 
sand, or gravel. And it is only by boring that this fact can 
be demonstrated. I have referred to two such cases, namely, 
Bogton Loch near Dalmellington, and St. Mary's Loch in 
Peeblesshire, which are tw"o rock-basins in the' course, of being 
filled up. Others, again, as I have remarked, have been 
completely obliterated by the pouring into them of sediment. 
Yeiy few of the freshwater lakes and sea-lochs do not show 
more or less extensive flats opposite the mouths of the 
streams and rivers that flow" into tliem ; and even w"liere no 
such fiat ground appears, the soundings yet show that a delta 
is gradually increasing below" the siirtace of the w"ater. This 
is specially the case, of course, wdien the lakes are deep. 

In the lowdand districts there are numberless little sheets 
of alluvium and j)eat that mark tlie sites of shallow" pools 
and lakelets. Many of these, especially in Ayrshire, rest in 
hollow’s of the till, and some in superficial depressions of drift 
sand and gravel. They have not been silted up by streams, 
but by the gradual w"ashing down of the banks and slopes 
that surround them, under the long-continued action of rain 
and frost. And, indeed, I know- hardly anything more calcu- 
lated to impress one w"ith the importance of these apparently 
insignificant agents of w’aste, than the phenomena connected 
wdth the obliterated lakelets referred to. The deposits tliat 
fill them up are often several yards in thickness, twelve and 
fifteen feet being no uncommon depth. Loam and loamy 
clay, w"hich is sometimes used for brick-making, are the pre- 
vailing ingredients, but these often contain intercalated beds 
of peat and decayed trees, which have evidently growui iii. 

principally w'illow’s and alders, but at the bottom, oaks 
are frequently found rooted in the subjacent .glacial clays. . 

. Not a few- old lake-beds are found to be in large measure 
filled up wfith marl, consisting of the' remains of innumerable 
freslnvater shells. Many examples of this occur in Forfar- 
shire, wdiere they w-ere long ago studied' by Sir Charles Lyell 
and others.* 

* vol. It.' p. 305. Secoad Series, vol. iii. ,p. 73. . 
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Now in tliese alliiYia, both lacustrine and fluviatile, mam- 
malian remains have frequently been discovered. Among 
other forms we get Bos pTmmgenim, B, longifrons, wild 
boar, red deer, fallow-deer, roebuck, elk or moose-deer, Irish 
elk, reindeer, goat, wolf, wild-cat, fox, beaver. The Bos primi'- 
"genms, or ums, is now extinct, but is believed to be repre- 
sented by the white cattle of Chillingworth and Hamilton, and 
our present domestic breeds. Bos longifrom is also extinct, 
but from it some of our domestic cattle may have descended. 

The true elk (Oervus aloes) which ranges over the northern 
regions of America and Asia, from latitude 45*^ northwards 
to the shores of the Arctic Sea, but in Europe does not come 
farther south than the 64th degree of latitude, wandered in 
postglacial times over all Scotland, its remains having been 
found in recent deposits, as well in northern and central as 
in southern counties.'"'' But there appears to be only one 
instance on record where remains of the Irish elk have 
occurred in recent deposits, namely, in a marl-bed at Maybole 
in Aryshire.t The reindeer is also rarely met with, but there 
can be no doubt that it likewise was a native of Scotland:!: 
in postglacial times ; some writers, indeed, relying on a state- 
ment of Torfaeus, think that it may have survived in the 
extreme north down to the twelfth century. Wolves and 
beavers, though no longer natives of Scotland, were certainly 
so within historical times. Of the other animals mentioned, 
nothing need be said here ; they are all forms eminently 
eharacteidstic of a temperate climate. 

It is remarkable that nowhere in the recent deposits of 
Scotland have we any trace of the great pachyderms, so fre- 
quently met with in certain river-gravels of England and the 
Continent. All the remains of the mammoth yet detected 
have appeared either in beds that underlie or are intercalated 
with the till, or else they have occurred in the actual till 
itself. There is a vague mention of the horn of a rhinoceros 
having been dug up in marl at the Loch of Forfar, § but I 
fear no reliance can be placed upon it. 

^ FroceecUngs of the Society of Antiquaries of Scotland {Dx. A. Smith), Yol. ix. 

t Mav Statistical Account of Scotland, vol. v. p. 353. 

t PW. Yol. Yiii. p. 186. 

§ 'Edin, FJiiL Journal, Yol. Yiii. p. 397 ; Mermirs Wernerian Society, yoL ir. 
p. 5S2, vol. Y. p. 57 s. 
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Tile, oldest relics of man in Scotland 'consist of stone .imple- 
ments: They turn up eyery where, and to .give merely a list 
of the places. where they have been detected would'. 'be to 
enumerate -every district in. the country, not even excepting 
the outlying islands. They occur either' at the surface: of .the 
ground or embedded below peat, and in recent alluvial deposits, 
and they frequently appear associated with the remains of 
some of the animals referred to above. We cannot assign 
them to an older date than the Newer Stone period of archse- 
ologists, not a single relic of the Older Stone period having 
yet been met with north of the Tweed. 

Having now finished our very rapid survey of Scottish 
postglacial deposits, I shall endeavour, in a few words, to 
summarise the results obtained. 

During the deposition of the clays and sands with ice- 
floated stones and northern shells, the land, as we have seen, 
stood relatively at a lower level than now. But the period 
of submergence was passing away; slowly and gradually the 
sea retired, leaving behind it, as the land emerged, certain 
shelves and terraces to mark the height at which its waves 
had formerly rolled. This recession of the sea appears to 
have been occasionally interrupted ; nay, it e^^en happened 
that sometimes the water regained a part of the territory it 
had lost, and spread its sediment over the site of prostrate 
forests. A good deal of ice seems to have been floating about 
in Scottish seas, for rafts, and, perhaps, bergs stranded in the 
shallow waters of the estuaries, and threw into confusion the 
fine silts and clays that -were there accumulating. Often, 
too, they dropped stones and boulders as they floated along, 
and these became embedded upon the floor of the sea. In 
this way pieces of chalk, which may have come from Den- 
mark or the north of Scotland, were covered up in the clay 
at Barry and Portohello. At this time glaciers still lingered 
in our mountain-valleys, and the rivers, turbid with silt, 
carried down great quantities of shingle and sand to the 
low grounds, and poured their muddy waters into our sea- 
loclis and estuaries. 

The sea continuing to retire, the British Islands became at 
last united to the Continent. We have no positive evidence 
as to the character of the climate which then prevaEed in 
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our area, but it could hardly bave been other than excessive 
j and qiiasi-eontinental. Edward Forbes considered* that our 
countrj^ at that time was in the condition of the barren 
grounds of North America — bare and treeless— and inhabited 
by reindeer, Irish elk, uri, bears, f foxes, wolves, hares, cats, 
and beavers. It is almost certain, indeed, that a bare and 
treeless state must have preceded the age of forests, but it 
w'ould be hazardous to assert that trees did not exist in 
Britain before the German Ocean became for the last time 
converted into dry land. The remains of trees occur in 
Scottish postglacial beds that are most probably of older date 
than the latest continental condition of Britain. It would 
appear, therefore, that trees existed in Scotland before the 
bed of the German Ocean w-as uncovered. Whence these 
■were derived we can only conjecture ; most likely, ho^vever, 
they came from England, and if so, this wmuld indicate that 
England was joined to the Continent at an earlier period 
I than Scotland. But, however this may have been, we know 

^ that the whole of the British area became at last one mag- 

nificent forest-land, continuous across the bed of the German 
Ocean with the great forests of northern Europe. Scotland at 
this time was inhabited by numerous races of wild animals, 
many of them now locally and some wholly extinct. The 
reindeer, elk, wolf, beaver, &c., have disappeared from the 
country; the ancient wild bovidse now only live in our 
domestic breeds, and the Irish elk is extinct. It w^as, pro- 
i bably, during this last continental condition of the country 

that the men w^ho used the polished stone implements 
entered Scotland. They were a race of hunters and fishers, 
and seem to have frequented the neighbourhood of rivers and 
j lakes, living a life not unlike that of the Indians in w^hat 

I were once the woody wildernesses of Canada. The climate 

would appear to have been somewhat excessive, the "winters 
being considerably colder, and the summers, perhaps, a little 
w-armer than at present — at least, on wdiat is now the eastern 
side of our island. 

How long this continental condition lasted we cannot even 

^ Memoirs ofihe Oeohgical SiiTDei/f toI. i. p. 397. 

t Species of bear appear to have been got in true postglacial deposits in 
Ireland, but nowhere in Scotland. 
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coajeetiim; , We.onlylmow that, after it had endured for. a 
eonsiderable time, the sea once more began to, encroach upo.n 
the land, and at last Britain became an island. The sea 
adTanced until the -^^ater-line reached some fifty or sixty feet 
above its present level, and then a considerable pause super- 
vened. Man still inhabited the country, casting his nets in 
the lakes, and sailing about the sea-coast in his canoes 
hollowed out of single oaks. Again the sea retired, and once 
more paused when it had fallen to twenty-five or thirty feet 
above its present level The arctic inollusca that once lived 
around the shores had now vanished, and the present fauna 
occupied their place. But the seas were, perhaps, even then 
a little colder than they are now ; as would seem to be indi- 
cated by the presence in the carse-clays of the stranded 
whales, wiiich belong to the large Greenland species. 

The final retreat of the sea to its present level brings us 
down to recent times, after wdiieh it falls to the archseologist 
to continue the strange story of the past. 

So many points of evidence have now been adduced; that 
it will be well, before we address ourselves to the study of the 
glacial deposits of other countries, to reckon up here in a few 
paragraphs what appears to have been the general succession 
of geological changes in Scotland from the advent of the Ice 
Age down to recent times. 

1. The till or boulder-clay, with its intercalated beds, indi- 
cates a vast lapse of time, during which there were several 
revolutions of climate — ^liow many, we do not know. 

2. The beds of till point to intense arctic conditions having 
prevailed at the time of their formation. 

S. During the climax of glacial cold, glaciers not only 
filled the mountain-valleys to overflowing, hut coalesced 
upon the Lo viands, and creeping outwards, occupied all the 
shallo w seas around the shores. Only the tips of the highest 
hills peered above the me r de glace, which became confluent 
with the ice-fields of Ireland, England, and Scandinavia, and 
terminated as a great wall of ice, beyond the shores of the 
Outer Hebrides, in the deep craters of the Atlantic. 

4. The accumulations of silt, clay, sand, and gravel, with 
land-plants and mammalian remains, and the similar deposits 
with marine shells, all of which beds are mtercalated in the 
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till, clearly show that the intense arctic cold which covered 
the country with an ice-sheet was interrupted, not once only, 
hut several times, by long continuous ages of milder condi- 
tions. Some of these periods may have been warmer than 
others, just as some of the glacial periods may have been 
colder. 

5. A land-surface seems to have existed in the last inter- 
glacial period. The land at that time was dotted with fresh- 
water lakes, and clothed, to some extent, with vegetation, 
which supported several species of mammals. Submergence 
next ensued, and the sea drowned the country to a depth of 
not less than 526 feet. This is the greatest height at which 
sea-shells have been met with in the glacial drift of Scotland. 
The submergence, however, may have greatly exceeded 
500 ft., and marine interglacial beds may yet be found at 
higher levels.* Some of the faintly marked terraces of erosion 
met with at high levels in maritime districts probably belong 
to this date. 

6. So far as direct evidence goes, 'we cannot say that 
Scotland during an}^ one of the interglacial periods was 
characterized by a warmer climate than is now enjoyed in 
the forest regions of high latitudes in America. 

7 . Considering the sorely wasted appearance of the 
interglacial deposits, and keeping in view the nature of the 
conditions under which they have been preserved, it would 
be rash to conclude that they contain a complete record of the 
changes wdiich ensued during interglacial times, or that we 
are entitled to argue, from the few fossils yielded by them, 
that the climate of the interglacial periods was never positively 
warm. 

8. The most recent deposits of till indicate, for the last 
cold period of the glacial epoch, an ice-sheet of less thickness 
than that underneath wdiich the bottom or oldest accumula- 
lations of till W' ere formed. During the last cold period the 
confluent glaciers cleared out the marine deposits laid down 
in preceding interglacial times, and incorporated these with 
their movaine profonde. This is the origin of most of the 
shelly tills or boulder-clays. 

9. Certain deposits of boulder-clay at low levels and in 
maritime districts were accumulated dming the final recession 
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■ ' ■■ of' ic'e ■ in the last ■ ■ cold ■ period. They indicate ' a time 

when the confinent glaciers had greatly dimiiiished in thick- 
ness and extent, hut were still broad enough to coyer all the 
Lowlands. The sea followed after the retreating' ice, hut how 
fer it encroached upon the land we cannot say. The boiiMer- 
j , clays belonging to this period occur only a few yards above 

1 i : the present' sea-leyel, -and the siibiiiergence was probably yeiy 

limited. The glaciers ere long ceased to reach the sea, and 
I began to deposit their gravelly moraines upon the land. 

I ■ ; Perched blocks and erratics were stranded on the niountaiii- 

I ■ slopes and on the lowland hills at eveiMlecr easing levels as 

the ice melted away. 

10. The sand-and-gravel drift overlying the till and 
boulder-clay w^as carried down from the melting glaciers, 
and deposited upon the low grounds. These deposits, there- 
fore, indicate the further retreat of the ice, and the ameliora- 
; tion of the cHmate. It was during this period that the 

greatest erosion of the older glacial deposits ensued ; the 
large rivers then occupying the valleys not only swept down 
the morainic matter which marked the retreat of the local 
,i glaciers, but ploughed into the till or boukler-clay, and 

scoured that deposit out of the valleys. 

11. High-level terraces of angular shingle and earthy 
sand mark the sites of old glacial lakes formed at this time 
by the dammmg-u|) of lateral valleys from which the ice 
had melted away. To the same period belong many inter- 
rupted shelves and terraces of more or less well-rounded 
gravel with sand and clay, which seem to have accumulated 
. between the margins of the ice and the hill-slopes that rose 

' above its level. Many gravel-and-sand ridges (kames) of 

f the low grounds seem to have been formed in subglacial 

; water-courses ; others graduate into true moraines and mark 

the terminal fronts of the decaying glaciers.. Erratics were 
} often carried down the valleys by river-ice in summer-time, 

and distributed over the inundated low grounds ; others tra- 
; veiled upon the surface of the retreating glaciers, and, falling 

5 over their terminal fronts, dropped upon the surface of the 

, gravel-and-sand mounds that were slowly emerging from 

i underneath ; yet others mingled with the gravel and shingle 

of terminal moraines. ■ 

1 , 
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12. Certain deposits of sand, clay, and mud, witli nortliern 
species of shells, arctic seals, &c., which occur along the 
shores of estuaries and in maritime districts, indicate a sub- 
mers^ence of some 100 ft. or thereabout. At the time of 
their acciimulation local glaciers existed in the mountain- 
Yalleys, and some of these may even have reached the sea 
in certain fiords of the west coast. Ice-rafts, and perhaps 
icebergs, floated in the sea, distributing erratics, and occa- 
sionally running aground and confusing the beds of silt and 
clay that gathered there. 

13. The sea now commenced to retreat, the various pauses 
in the emergence of the land being marked by the formation 
of successive raised beaches, wdiich are better preserved than 
certain higher-level shelves excavated in the solid rock of 
maritime districts during the last interglacial period of 
submergence (see par. 5). 

14. Britain became continental by the conversion of the 
German Ocean into dry land. At first, probably, bare and 
treeless, it eventually passed into the condition of a great 
forest-land. The climate was continental, and the fauna 
temperate and cold-temperate. Men who used polished stone 
implements then lived in Scotland. 

15. Submergence once more ensued. The destruction of 
the forest-lands and the increase of peat-mosses dated its 
commencement from this period. Climate insular, but colder 
and more humid than at present. 

16. Final emergence and formation of the low-level raised 
beaches. 

17 . The present. 


CHAPTER XXVIII. 


GLACIAL DEPOSITS OF ESGLAND. 

Necessity of comparing deposits of difTcjrent countries. — Crlaeiation of nioiintain 
distnets of England and Wales, — ITnfossiliferous till, its charactex*.— Direc- 
tion of ice-iiow in the north-west districts, — Lower bGulder-cIay of Lanca- 
shire. Cheshire, &c. — Middle sand and gravel. — Upper boulder-clay.— Eiver 
gravels. — Morainic debris. — Succession of changes, — Lower and middle 
glacial series of East Anglia. 

N O one wlio shall encleaYOiir to trace the origin and history 
of the drift accumulations tvithiii any particular area need 
hope to do so satisfactorily without continual reference to 
the superficial phenomena of contiguous regions. Indmdual 
sections, however clear and apparently consecutive they may 
be, yet do not contain all the truth ; and it would be ridi- 
culous to suppose that the drifts of any limited locality tell 
one eveiything that he might hope to learn of the physical 
history of the Ice Age. Two observers who should restrict 
their examinations, the one to a mountainous district, the 
other to low-lying tracts at a distance from the hills, would 
be sure to form very different ideas of what the glacial epoch 
really was. One might be all for glaciers— the other all for 
icebergs. The earlier students of the Scottish glacial deposits 
held that the whole island had been swept from north-west 
to south-east by an ice-laden ocean current, and they pointed 
triiimphantly to the direction followed by the roek-striations 
and the till in the great midland valley as conclusive jiroof 
of their theory. But had they been as w^ell acquainted with 
the Southern Uplands and the Northern Highlands as they 
were with the low grounds of the Lothiaiis, this iceberg theory 
WDuld probably never have been advanced. It is only when 
the geologist has gone over a sufficiently large tract of country 
and studied its superficial accumulations at all levels, in low- 
lands and mountains alike, that he can safely generalise. He 
•will not, however, fully appreciate the results obtained if he 
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ventures to ignore what other workers are doing elsewhere 
in the same field of inquiry. "When he compares his own 
conclusions with those of others, he will often find reason to 
hesitate and proceed with caution, where, previously, he may 
not have perceived any difficulty. On the other hand he 
will not infrequently have his own inferences strengthened, 
and here and there catch a hint that may enable him to see 
newer and deeper meanings in his facts than he had any idea 
of before. Certain it is that we shall never acquire a proper 
knowledge of the physical changes that supervened during 
the glacial age, until the records of that age have all been 
correlated and compared. But what a vast amount of work 
remains to be clone before this can be adequately accom- 
plished 1 Nevertheless, some approximation towards it can 
be — ought to be, indeed — attempted. A great deal has already 
been learned. The general succession of events that marked 
the progress of the Ice Age in widely-separated countries has 
been more or less clearly made out, and it becomes, therefore, 
a matter of importance to inquire how far the conclusions so 
arrived at harmonize with each other. If they shall be found 
to tally as closely as could have been expected, we shall have 
so far a guarantee of their accuracy, and be enabled, as we 
shall afterwards see, to form some definite opinion as to the 
succession of changes that followed upon the close of the 
glacial epoch. In this and succeeding chapters, then, I shall 
attempt, with what success I may, to compare the results 
obtained in Scotland with the conclusions arrived at by 
English, Irish, and foreign geologists. 

So long as the observer confines his attention to the 
mountainous districts of England, he will experience no 
difficulty in detecting the traces of former extensive glacial 
action. He wdll find both in Wales and the Lake district, 
that the mountains frequently show that peculiar flowing and 
rounded contour which is so characteristic a feature of ground 
over which land-ice has passed. In the valleys he wull see 
polished and striated surfaces of rock, and heaps of morainic 
deposits ; and the presence of numerous true rock-basins will 
farther conspire to assure him that the influences under which 
Scotland assumed much of its most characteristic scenery, 
have also had no small share in designing, or at all’ events in 
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adding some' of tlie. latest and finest tonclies to, tliat beautiM 
picture of hill and dale and lake that so charms one in Cum- 
bria and Wales* 

But when we leaye the hilly districts and begin, to tmYerse 
the broadly undulating low grounds, the evidences of old ice- 
action become obscure and hard to read. And our difficulties 
increase the farther we recede from the mountains. The 
tough and firm rocks of Cumbria and Wales are replaced as 
w'e travel outwards from these centres by rocks less capable 
of retaining any ice-markings which may at one time have 
been graven upon them. Add to this the great thickness of 
siiperficial materials, underneath which the strata in the low- 
grounds are frequently buried, and the confused and intricate 
appearance often presented by these drifts, and it will be 
admitted that the geologist who sets for himself the task of 
unravelling the evidence, so as to educe a clear and consecu- 
tive story, has no easy work to accomplish. Not the least 
perplexing part of his task will consist in attempting to dis- 
cover the meaning of the terminology employed by different 
observers. Similar dejDosits he will find are known under 
different names ; wffiile under one and the same designation 
accumulations are described which ax'e certainly not the same, 
but in some cases as wide apart as they could well be. 

The English glacial deposits are t}- pically developed in two 
regions : 1st, in the region of Wales and the north-western 
counties ; and 2nd, in East Anglia and Yorkshire. It will 
be most convenient to treat of these two districts separately. 
My limits, however, will not allow me to do more than trace 
the general succession established or in process of being 
established by English geologists. For convenience’ sake I 
take first the north-western district. 

The oldest deposit wffiich has yet been recognised in this 
part of England, is a more or less tough stony clay that 
answers precisely to the typical iinfossiliferoiis till of the 
Scottish Lowlands. It is quite unstratified, save here and 
there where the included stones show a rude kind of arrange- 
ment, similar to that which I have described as occasionally 
visible in the till of Scotland. Like the latter it also con- 
tains in places thin irregular seams and amorphous patches 
of earthy sand and gravel, "while its colour varies according 
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to the district in wMcli it is found. Thus it may be yel- 
lowish brown, grey, dark blue, or red— the colour evidently 
depending upon that of the rocks from the degradation of 
which it has been derived. So far as y^et known it would 
appear to be unfossiliferoiis. The stones are angular, blunted, 
striated, smoothed and polished — the more compact and 
finest-grained rocks receiving the best dressing. Moreover 
they are scratched most markedly in the line of their longest 
diameter — -irregular-shaped stones not being striated in any 
one direction more than another. In these and other items 
this till tallies precisely with that of Scotland. 

It rests usually uj)on a smoothed and striated pavement 
of rock, but sometimes the strata are bent over, crushed, and 
broken underneath, and their fragments commingled with 
the till.'"' 

An examination of the rock-striations proves conclusively 
that from all the valleys of Wales and the Lake district, 
there formerly issued great streams of ice, which coalesced 
to form one gigantic confluent glacier. Mr. Tiddeman has 
shomrt that the general trend of this ice-sheet in North 
Lancashire and adjacent parts of Yorkshire and Westmoreland, 
was towards the south or south-south-east, across deep valleys 
and over hills of considerable elevation. And he justly 
infers from this fact that some barrier existed in the Irish 
Sea which prevented it following the natural slope of the 
ground towards the south-west. This barrier was the ice 
deriving from the Lake mountains. But if so, then some 
other barrier must have ponded back the latter also ; for 
had not such a barrier existed, the glaciers of Westmoreland 
and Cumberland would have found for themselves a more 
direct route to the sea than they appear to have done. The 
cause of this deflection was undoubtedly the presence of the 

* Mr. J. 0. Ward describes the till of the northern part of the Lake district 
as a stift' clay stuck full of smoothed and scratched stones and boulders, and 
iinsiratified.^ It occurs every here and there in small patches among the 
mountains, in rock-sheltered spots, and may frequently he seen in the valleys, 
either by itself or underlying a more gravelly deposit.’' This latter he describes 
as consisting of ‘‘subangular gravel (very rarely containing beds of sand) in a 
clayey matrix, Tvith large boulders in and upon it. It sometimes passes down 
into the till, and either forms sloping plateaux running up the valleys (as the till 
alone somelimes does) or wide spreads of a more or less moundy appearance.” 
Qimrt. Jour, GeoL SQe., -7ol. xxix, p. 422, For further information on the Lake 
district see Mr. Ward’s papers, Op. cit.y vol. xxx. p. 96, and vol. xxxi. p. 152. 

t Ouart. Jour. Geol, Soc.j voh xxviii. p. 471. 
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massive ice-slieet tliat streaEied from tlie soiitli of Scotland, 
and liad sufficient power to deflect the ice 'creeping out from. 
Ireland.. 'vSuch being the case it is not surprising to learn 
that the I.sle of Man and Anglesea f afford, evidence to 
show that the united glaciers or ice-sheet actually overflowed 
both these islands. Mr, J. G. Goodchild has shown | that 
the Scotch ice ascended the valley of the Eden in Ciimher- 
land, its path being marked not only by the presence of 
glaciated rock-faces, but also by boulders in the drift which 
have been transported from the high grounds in the south 
of Scotland. These he has traced up to the top of Stain- 
moor, across which the united Scotch^ and Lake-district 
glacier»» must have flowed in a general easterly or north- 
easterly direction. Mr, Goodchild also mentions the fact that 
great quantities of Scotch drift have gone over the water- 
shed between the Eden and the South Tyne eastward to the 
North Sea.’' I have already stated (see p. 181 ) that the ice 
which flowed down the valley of the Tweed from west to east 
was compelled to turn gradually away to the south-east as it 
neared the English border, so as to overflow Northumberknd 
in a direction parallel to the coast-line. The Cheviot Hills 
appear to have been smothered in ice, for I found till with 
striated stones here and there on the very watershed. Never- 
theless they divided the ice-flow, for all the valleys on the 
Scotch side are glaciated from south to north in the direction 
of their trend, while the English slopes of the hills are marked 
in the 02^pGsite direction. Here and there, however, we get 
evidence to show that ice j>assed across some of the lower 
heights of the dividing ridge from one country into the other, 
boulders from the English side being scattered over the upper 
reaches of one or two of the Scotch valleys. 

At low levels in Lancashire and North Wales the unfos- 
siliferous till is overlaid by another stony clay, which, how- 

* GuicU in the Me of Man^ (Rev. J. G. Cnmmmg), p. 249.. See also an excel- 
lent paper by Hr. J. Home, A Sketch of the Geology of the Me. of Man," 
Tr-arts. GeoL Soe. Mm., vol. ii, part iii. Mr. Home shows conclosixely that the 
island has been glaciated by ice that moved outwards from the mainland over 
the bed of the sea. 

t Professor Ramsay has recently endeavoured to prove that the hollow 
occupied by the Menai Straits has been scooped out by the action of the great 
ice-sheet that streamed outwards from Scotland and the Lake district. See 
Quart. Jour, Geoi. Soc.^rol. xsxii. ^. IIQ. 

J Quart. Jour. GmL Soe, yYol. -p, 
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ever, differs markedly from the till it rests upon. According 
to Mr. De Eanee,* it is a stiff reddish-brown clay, containing 
a vast quantity of packed stones and boulders that vary in 
size from fragments a quarter of an inch tliick or so up to 
blocks measuring four yards across. At least 70 per cent., 
he tells me, are striated, but many have been more or less 
water-worn between the periods of scratching and deposition. 
The deposit shows sometimes faint indications of bedding, 
and contains such shells as Tellina Balthica, Carclium edide, 
(X amdealwm, Psammobia ferroemis, TuTritella terehra, &c., 
and Mr. Da Eance informs me that he has also obtained 
spiciiljB of sponges. He calculates that 94 per cent, of the 
stones and boulders do not belong to the drainage-area in 
ivhich any given section of the deposit appears ; and he has 
not met wnth the clay at a greater height than 150 ft. above 
the sea. 

Above this boulder-clay come considerable depths of sand 
and gravel — 200 ft. in places. They are well-bedded, and 
have been traced from near the sea-level up to heights of 
1,200 ft. (Macclesfield), and even of 1,300 ft. (Moel Tryfan). 
As the boulder-clay does not rise more than 150 ft. above 
the sea, it is evident that the sand and gravel beds must 
overlap that deposit. Here and there they have yielded 
marine shells, many of which are still living in British seas, 
but upon the whole the fossils indicate colder conditions than 
now obtain in the Irish Sea; conditions, however, which 
were far from approaching those of -which the Scottish shelly 
clays are memorials. 

Eesting upon the marine sands t we find yet another 
stony clay — the so-called upper boulder-clay ’’ of Lancashire 
and North Wales. Mr. De Eance describes it as closely 
resembling, in the region between Ulverstone and Manchester, 
the lower boulder-clay (with shells) in its physical character, 
chemical composition, included erratic fragments, and the 
species of shells of mollusca found in it. Both clays contain 
more Silurian erratics in the north-west and more Carboni- 
ferous erratics in the south-east of Lancashire ; both are of a 

* Qmrt, Jour, Geol voL xxti. p. 641. 

t Mr. Hull was the first to point out this succession : Memoirs of Zit. and FUh 
8oo, of Manchester j 
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duiriiidian-red-eoloured tmtT Here, and tliere faint, indica- 
tions of bedding may sometimes be observed/ and sometimes 
tbe clay contains lenticular layers of sand, but tlie pebbles 
and boulders are imbedded pell-mell and at all angles in4lie 
mass.” Tbe base of the nlay is generally a bed.of marl,” 
of tolerably bard consistence ; stones are not common in it, 
but all are mucb glaciated, being highly polislied and intensely 
scratched minute fragments^, of shells are common ; and the 
clay has a deep cliocolate-colour. Higher up stones are 
common, but less glaciated, and the clay is of the usual red 
colour.” East of Blackpool the deposit has an average 
thickness of SO . or. 40 ft; ./ "'.Fragments, and occasional 
perfect specimens of several shells of niolliisca occur, includ- 
ing Tuvritella teTd)m^ CarMfwm ed-ule, and Tellina Bed- 
ikieuTf 

In other places, according to Mr. Mackintosh, the upper 
boulder-clay contains " rather few stones, and exceeding few 
large boulders,” and is extensively used for brick-making. 
Where I have myself seen it, it looked not unlike some of the 
stony brick-clays of Scotland, The stones were scattered 
sparsely through the deposit, and were not so closely aggre- 
gated as in the more common type of boulder-clay or till. I 
did not, however, notice any trace of bedding, and it is 
evident from Mr. He Ranee’s account that the deposits seen 
by me were not exactly typical of the normal character 
assumed by this upper boulder-clay, which appears to be as 
good till as much of that which occurs in the maritime dis- 
tricts of Scotland. 

According to Mr. MackintoMi, the upper boulder-clay 
“ seldom rises higher than 400 ft or 500 ft above the sea.” 
A shelly till occurs at Mottram (Manchester) at 568 ft. above 
the sea. ■ 

In the north-western districts of England, then, we have 
clearly three stony clays— the lowest one of which appears to 
be destitute of organic remains, while the two overlying 
masses contain here and there a few, shells which are chiefly 
broken and fragmentary. One might have doubted indeed 

* /own Tol. xx’Ti. p. 649. 

t Mt moirs-Qf QeoL Bunu of England ani Wales, Explanation of Slieet 91, S.W., 
p. 8; seoako Oj?. cttj Exp. of.Sheet 90, K.E. , . 

J Geobgicai Magazmep Tohm^ 
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wliether tlie lower slielly clay and the unfossiliferons till 
were not one and the same dej)osit, but Mr. De Eance tells 
me that east of Little Orme’s Head, Llandudno, the whole 
series is shomi in one and the same section as follows 

■4. 'Upper "boulder-clay, " 

3. Middle, sand, and gravel. 

2. Lower boulder- clay, resting on a denuded surface of 
1. Unfossiliferons till or boulder-clay- 

Enoiigli has been said in regard to the conditions under 
which the unfossiliferons till of the Lake district of Wales 
has been laid down. My colleagues, Messrs. Tiddeman, Ward, 
and Goodchild, have brought forward indisputable evidence 
to show that an ice-sheet radiated outwards from the moun- 
tains of the Lake district, and became confluent with a 
similar mass of glacier-ice that crept outwards from Scotland 
and greatly modified the course followed by the ice that had 
its origin in England. In the sequel I shall mention some 
considerations that seem to lead to the inference that before 
the first great ice-sheet overflowed the British Islands our 
country stood at a higher level, and it is quite possible that 
in those preglacial times the Irish Sea may have had no 
existence.^ If this were so it would account for the fact that 
the oldest till is quite destitute of marine remains, even when 
it occurs in close proximity to the sea, as at Little Orme’s 
Head. 

Mr. De Eance has suggested that the lower boulder-clay 
with shells may have been deposited along the seaward edge 
of the ice-sheet at a time when this was melting away. It 
is more probable, how^ever, that this boulder-clay has origi- 
nated in the same way as the Caithness till, and that, as Mr. 
Tiddeman remarks, the shells have been introduced by the 
ice-sheet working over an old sea-bed and pushing marine 
sediment and organic remains oh to the land.^ 

It is now generally admitted that the middle sands and 
gravels indicate a great recession of the confluent glaciers 
consequent upon a change of climate. These deposits rest 
directly upon the lowmr boulder-clay when that is present, 
and the latter often shows a much denuded surface under- 
neath the sands. So far as direct evidence goes, we cannot 

* Qaari. lour. GeoL Soc.j lS‘l2j-g. 
z 2 
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assert tliat the sea follorred immediately upon the disappear- 
ance of the ice-sheet bv which the lower boulder-clay was 

amassed- There is a distinct break between the txro deposits 
— the one rests iinconforrnably upon the other. 

The upper bonlder-clay, wMeh at one time I w\as inclined 
to think was chiefly of marine origin, has in all probability 
been formed much in the same wny as the lower bonlder- 
clay. It indicates the incursion of the last ice-sheet, and 
may be the equivalent of much of the iiiifossiliieroiis till of 
the mountainous and hilly districts of the interior. 

The stony clays and middle sands of this region of England 
seem therefore to afibrd us evidence of the following changes : 

a period of excessive glaciation, when an ice-sheet 
covered all Wales and northern England, — ^before this ice- 
sheet appeared the land may have stood higher relatively to 
the sea than at present ; second, a great recession of the ice, 
accompanied with or followed by the submergence of the 
area now covered by the Irish Sea ; dvird, a new advance of 
the ice-sheet wMch flo’wed over the bottom of the sea and 
mingled marine deposits and their organic contents with its 
bottom-moraine; fourth, a disappearance of intense arctic 
conditions, accompanied or followed by denudation of the old 
bottom-moraines, — for aught we can tell, a wide land-surface 
may have existed at this period ; fifth, a gradual depression 
of the land to a depth of 1,300 ft. or thereabout during com- 
paratively mild conditions of climate ; sixth, a reappearance 
of arctic conditions and the last incursion of a great ice- sheet. 

Considerable accumulations of fluviatile gravel occur in 
the valleys of Wales and the Lake district, often at gi*eat 
heights above the present rivers. This gravel, when traced 
up stream, becomes coarser and earthier, and not a few^ of 
the stones even show faint traces of stride. As w^e follow it 
still farther into the mountains, it appears to pass into, or 
at least it cannot be distinguished from, morainic ddbris. 
Opposite the mouths of some of the mountain-valleys great 
deposits of hummocky angular and sub-angular gravel and 
hillocks of sand make their appearance, but elongated ridges 
of gravel and sand, like the more marked kames of Scotland, 
are either absent or of uncommon occurrence. 

Lastly, I would refer to the immense quantities of morainic 
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matter, and tlie numerous blocs perches wMcli are found in 
almost every valley in tlie Lake district and in Wales. This 
angular earthy debris hangs on all the hill-slopes, and gathers 
on all the bottoms of the valle3^s. To^vards their upper 
reaches it often takes the form of low mounds and ridges^ — 
the lateral and terminal moraines of small local glaciers. 
But the terminal moraines of the great glaciers that ground 
out the rock-basins of such lakes as Llanberis, Coniston, and 
Ulleswater, and which may, at one time, have cumbered the 
vallej^s Just below the lakes, have disappeared. 

I have shown that in Scotland much of the moraine-matter 
that occupies the mountain- valleys cannot be referred to the 
latest local glaciers. The terminal moraines of the last 
glaciers are restricted to the higher mountain-valleys, and 
even in many cases to the upper reaches of these ; but much 
farther down the vallej-s, and at levels on the hill-slopes 
which the latest local glaciers never attained, great masses of 
true moraine-matter exist. To what age do these masses 
belong ? Certainly not to the period of the unfossiliferous 
bottom till or boulder-clay, but, as I have tried to make 
clear, to the great recession of the ice-sheet that followed 
upon the deposition of the youngest boulder-clay— -to a time 
when the ice had shrmik back from the sea into the moun- 
tain-valleys, wdiere it existed as a series of gigantic local 
glaciers. 

Such are the kind of glaciers which Ramsay describes as 
having occupied the valleys of Wales t after the great sub- 
mergence, and glaciers of a like extent are required to explain 
the phenomena of the low-level morainic gravels of the Lake 
district, which appear to be direct successors m time of the 
upper boulder-clay of the districts of Lancashire and North 
Wales. This, in other words, implies that the ice-sheet crept 
gradually back from the sea, until, at last, its moraines began 
to be deposited upon the land. It then broke up into 
separate glaciers, which filled all the mountain-valleys, and 
from which, especially in summer-time, great rivers carried 

These erratics have travelled outwards from the mountains in precisely the 
same directions as that followed by the great glaciers ; nevertheless, many 
geologists consider them to have been carried by ice-rafts and not by glaciers. 

t Quart. JTour. Geok Soc., 1851. See also The Old Glaciers of Stviizerknd and 
JTorth Wales. 
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clown to tlie low grounds yast lieaps. of' grayel /and sand. 
Slowly the glaciers retreated until at^ last they vanished away, 
leaving behind them little hummocks of moraine matter near, 
the heads of the mountain-valleys to mark the spots where 
they made their final stand. 

In the account given of the Scottish drifts I have pointed 
out the evidence which has led me to recant the views I 
formerly held as to the marine origin of certain kames, and 
to conclude with Mr, Jamieson that there has been no great 
submergence of the land since the disappearance of the last 
ice-sheet. As the sand-and-gravel liiinimoeks in and oppo- 
site the mouths of the old glacier-valleys of England and 
Wales come under the same category as the similar mounds 
of drift in Scotland, I must hold that there is no proof of any 
great submergence having occurred in England either, at the 
time referred to. The phenomena receive a much better 
explanation and we get rid of many difficulties by adopting 
the view of the morainic and torrential origin of the later 
drifts as described in Chapters XIX. — XXL 

When we jpass to the other side of England, we find, as in 
the district we have just been considering, several stony clays 
and intervening beds of sand and gravel. From this circum- 
stance some geologists have surmised that the East Anglian 
boulder-clays and associated beds are the precise equivalents 
of those of Lancashire and North Wales. There are certain 
facts, however, which, as JMr. S. V. Wood, jim., has pointed 
out, render this extremely improbable, if, indeed, they do not 
disprove it altogether. 

But, before quoting what Mr. Wood has to say upon this 
interesting subject, I may first give a short outline-sketch of 
the deposits met with in the eastern part of England, arrang- 
ing them in their order as ascertained by Mr. Wood and his 
associates, the Rev. J. L. Rome and Mr. F. W. Harmer, 

Along the cliffs of the Norfolk coast at and near Cromer, 
magnificent sections of drift deposits are exposed. These 
have been long famous among geologists, and must ever be 
looked upon with interest, inasmuch as we obtain from them 
the only reliable evidence as to the kinds of plants and 
animals that clothed and peopled Britain in the old pre- 
glacial 'ages. ;■ 
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The cliffs show the following succession, beginning at the 
top : — • 

6. Sand and rolled graTel, 

5, Contorted drift, -witli masses of marl and chalk. 

4, Boulder-clay mth erratics. ^ ■ 

5. FluYio-marme gravel, sand, and clay, or ‘Maminated series’^ of Gunn, 

including seams of so-called “ Crag ” in places Bure Talley beds of 
S.T. Wood, and Westleton sMngle of Prestwich. 

2. Forest-bed. 

1. Sand, gravel and loam (Norwich. Crag Series). 

Chalk. 

The beds marked 1 contain a mingling of land and fresh- 
water shells along with many marine species, and hones of 
extinct mammalia. They thus indicate fluvio-marine condi- 
tions, haTing been laid down at or near the place where a river 
entered the sea. It is remarkable that, while all the land- 
and freshwater-shells belong to still living species, 18 out of 
124 of the marine molliisca are extinct. Another point of 
interest consists in the fact that, among the fossils a number 
of northern forms occur. This Norwich Crag series thus 
points to the gradual approach of cold conditions, but it is in 
deposits of still earlier age that we are to look for the first 
hint of what was afterwards to happen in Britain. 

On top of the Norwich Crag series comes what is called the 
forest-bed. This consists of a mass of vegetable matter, 
showing stumps of trees standing erect, with their roots 
penetrating an ancient soil. Associated with this old forest, 
for such undoubtedly it is, occur the remains of many extinct 
species of mammalia, commingled with others that are still 
living, and some of which are even now indigenous to Britain. 
Of these animals may be mentioned the hippopotamus, three 
species of elephant, including the mammoth, two species of 
rhinoceros, beai’, horse, Irish deer and several other species of 
deer, beaver, wolf, &c. 

The forest-bed is overlaid with alternations of freshwater 
and marine deposits, showing that the physical conditions 
wdiich obtained before the trees began to grow had returned. 
Great quantities of vegetable debris occur in these beds, indi- 
cating the breaking up of the ancient forest-bed ; and it is 
worthy of note that the climate appears to have been then 
becoming colder, for Mr. Nathorst, a Sw^edish geologist, 
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detected in the laminated series'' certain; truly arctic 
plants.* 

The accumiilation next in order points to a still further 
increase of cold conditions. 

The Cromer till or boulder-elaY differs considerably from 
what is recognised in Scotland as tj^riical till ; for not only 
are its included stones and erratics much less numerous, but 
the clay itself is not infrequently laminated. It is generally 
of a dark dingy grey or bluish colour, and is often tough 
and ' tenacious, as much so indeed as some of the tough till 
in the north of England or in Scotland. The stones are 
scattered somewhat s|)aringly through the mass as a rule, 
although now and again they are more abundant, but neyer, 
as far as I could see, so closely aggregated as in the ordinary 
till of Scotland and the north. They are also as a rule small, 
from stones the size of one's fist down to mere pebbles ; but 
boulders two or three feet and more in diameter are not 
uncommon, and in some places these and erratics of yet 
larger dimensions are even plentiful The most abundant 
boulders I saw were chalk and flint ; but one could note also 
fragments of Oolitic and Carboniferous rocks, and some of red 
sandstone. Blocks of blue basalt-rock, rery like the igneous 
masses that intersect the coal-fields in the north, were some- 
what common^ while amongst the less frequently occurring 
varieties were pink granite, quartzite, greywack^ and por- 
phyrite^ the last mentioned exactly resembling some of the 
porj)liyrites of the Cheviot Hills. Many of the blocks are 
well striated. The stones and boulders are scattered higgledy- 
piggledy through the clay, and show no traces of any arrange- 
ment whatever. Here and there I picked out of the clay bits 
of broken shells, which occurred in precisely the same way as 
the fragmentary shells in the boulder-clays of Lewis. Towards 
the top the clay becomes distinctly bedded, and seems here 
and there to interoscnlate with, and to shade up into, the 
overlying '‘contorted drift ;" at other times, however, the 
line of separation between the two deposits is sharply defined. 
Lower down the traces of bedding become indistinct, and the 
clay appears in some places to be amorphous. Lenticular 
and irregular patches, and sometimes considerable beds of 

* Antiqidtp of MaUj 1 ^. 2Ql, 
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sandl and gravel, are now and again interealated in the 

The contorted drift consists for the most part of a kind 
■of brick-earth, yellowish brown in colour ; but sand is often 
plentifully present, and now and again the beds are more or 
less gravelly. The whole series is laminated and well bedded, 



save here and there where the brick-earth seems to be 
amorphous. The drift displays wonderful contorted bedding, 
the contortions often affecting the whole thickness of the 
deposit, and even disturbing the underlying boulder-clay. 
Stones occur scattered through the brick-earth, and here and 
there large transported masses of chalk and marl make their 
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appearance. One of these masses, according to Mr. Woodj 
measnred no less' than 800 ft. and upwards in length, and 60 
ft. in height. West of Rnnton Gap a number, of these huge 
erratics appear in the sea-cliffs, one of them being shown in 
the accompanying rough sketch taken in April of the present 
year (1876). .The contorted drift contains marine shells, 
most of them rolled and worn ; but perfect yalTes are occa- 
sionally met with, Mr. Wood having obtained from the centre 
of one of the contortions a perfect valve of Tellma Balthiea * 

At the top of the Cromer cliffs appear here and tliere con- 
siderable masses of sand and rolled gravel with marine shells. 
Mr. Wood has pointed out that these deposits rest upon a 
highly eroded surface of the contorted drift, an appearance 
which was very noticeable when I visited the sections. 

The facts so briefly indicated above, and which the reader 
will find much more fully displayed by Mr. Wood and his 
coadjutors in their numerous papers, t point clearly to the 
followiDg succession of changes. We have, first, evidence of a 
preglacial land-surface which supported a vigorous forest- 
growth and an abundant mammalian fauna. The '' laminated 
series ” next affords indisjDutahle proof of a gradual submer- 
gence when what had been forest-land became the bed of an 
estuary. As that submergence increased the climate appears 
to have become colder, as is shown by the presence of the 
boulder-clay with its scratched stones. At that time glacier- 
ice must have occupied the high grounds of Britain, and 
even covered large areas of the low country, pushing out to 
sea and covering the bottom with stones and mud. In no 
other way does it seem possible to account for the appearances 
presented by the Cromer boulder-clay. Several geologists 
have expressed their belief that icebergs at this period set sail 
from Scandinavia and dropt erratics over the sunken area in 
England But I could find nothing in the Norfolk cliffs to 
favour this view. All the boulders of crystalline rocks that 
came under my notice might quite well have been derived 
from Scotland and the north. There is no evidence from 

* 3fa^azm0, Toh riiL p, 40S-. 

t See OeoL %*ol. v. p. 452 ; voL ml pp. 17, 61 ; irol. Tiii. pp. 92, 406 ; 
Tol. ix. pp. 153, 171, 352; ‘‘Supplement to Crag Mollusca/* Pale^oiitogr&^kkal 
iSoi’a/y, yoL xxv,; JBritish Association Mepori^ 1868 ; Quart* Joitr* GeoL Soc., 
YOl. xxii. p. 546 ; yoI. sxiii. p. 89; yoI. xxiv. p. 146 ; yoL xxy. p. 446. 
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"wMcii we can infer eren approximately tlie depth of the sea 
during the deposition of the Cromer bonlder-clay. It seems 
to have been laid down at or near the terminal front of some 
great ice-sheet denying from the north — its stratified ap- 
pearance indicating quiet deposition in comparatiyely undis- 
turbed water. No very large masses of chalk or marl occur 
in the boulder-clay, although to'wards the top one may note 
now and again boulders of chalk of considerable size. The 
absence of large angular erratics indicates probably that all 
the chalk high grounds of Yorkshire were smothered in ice 
during the accumulation of the clay. Their abundant pre- 
sence, how^ever, in the overlying contorted drift, shows that 
the chalk hills w^ere now so far exposed as to allow of the 
fell of large masses upon the surface of the melting ice. 
The contorted drift itself is proof that the ice-front had 
retreated from the Cromer area. It is worth noting that in 
Scotland and the North, and, as w^e shall see presently, 
in Norway and Sweden, in Switzerland, and in North Ame- 
rica also, we invariably find that the accumulation of stony 
clays or tills has been follow’'ed by the deposition of great 
masses of sand, gravel, shingle, and erratics. In Scotland 
we prove that the sand and gravel series is of morainic 
and torrential origin and points to the action of excessive 
floods ; in that country, however, the last ice-sheet melted 
away upon a land-surface. But the contorted drift of Nor- 
folk contains marine shells, and there is every reason to 
believe, therefore, that the melting of the first great ice-sheet 
in Eastern Anglia took place in the sea. During the period 
of intense cold, when the underlying Cromer boulder-clay w^as 
being formed, there would be only a slight melting of the ice 
superficially, and comparatively little water would flow out 
from underneath its terminal front. But when thaw set in 
then the whole surface of the ice would be abundantly washed 
by the water set free during the short but exceedingly warm 
summers, and the result would be the descent of great torrents 
by cleft and chasm to the bottom of the ice, the consequent 
denudation of underlying morainic matter, the sweeping out 
of much water-worn material and its distribution over the bed 
of the sea. From the terminal point of the retreating ice- 
sheet large icebergs, freighted with huge masses of chalk and 
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maxi,'' ever ■ and' anon broke away, and, . riinniiig ; agroiind, 
piisbed.np, twisted, and contorted tlie .stratified .deposits that 
were gatliering upon the sea-bottom. 

The beds now referred to fo,nn wbat.Mr. Wood terms tlie 
lower glacial series/’ It will be observed that the . con- 
torted drift is covered wntb sand and gravel. These are part 
of a great series of sand-and-gravel beds, wliicli Mr. Wood 
considers to be marine, and designates the middle glacial/’ 
They are clearly of ■ younger ■ age than the deposits just de- 
scribed, as is proved by their position, and also, as it wmiild 
seem, by their fossil contents. But they are upon the whole 
unfossiliferous, and in the few cases in “which they have 
yielded marine fossils these are somewhat rolled. Mr. Wood, 
however, does not believe the shells are derivative, but really 
pertain to the deposits in which they occur. Tlie shells 
exhibit a preponderating southern aspect, and a considerably 
milder condition of climate than obtained during the depo- 
sition of the underl}dng contorted drift. 

The same geologist has clearly shown that prior to the 
aeciimnlation of Ms ‘‘middle glacial” series the “lower 
glacial ” beds were “ enormously denuded and swept aw^ay, 
the part remaining being furrowed into valleys, some of them 
150 ft. deep.”''‘ 

If we are to place any reliance at all upon the evidence 
derived from fossils, we must admit that Mr. Wood’s 
“middle” and “ lower glacial” series cannot possibly repre- 
sent the middle sand and gravel and lo-wer boulder-clay of 
Lancashire, nor can they be the equivalents of any portion of 
the shell-bearing clays of Scotland. The fossils belonging to 
the deposits in the north-west of England and in Scotland 
have a decidedly northern aspect — that is to say, the more 
characteristic and typical shells belong to species w-hich are 
even now living in the adjacent seas or in more northern 
latitudes. On the other hand, the shells of the East Anglian 
so-called “ middle ” and “lower glacial” series have, as Mr. 
Wood has shown/a preponderating southern aspect— the great 
majority occur in the Crag, or, in other -words, were denizens 
of the seas during preglacial times, and of these a number are 
either unknown now as living species, or as living nearer than 
♦ O'jgo/. vol. viii. p. 407. 
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the Pacific. The results obtained during the late deep-sea 
dredgings should; of course, make us cautious as to deciding 
whether a species is extinct or not. It may eyentually turn 
out that many, or even all, the shells obtained from the East 
Anglian deposits are really living in some hitherto unap- 
proached region of the seas: But even bearing this contin- 
gency in mind, it appears to me that we cannot but admit 
with Mr. Wood, that his lower and middle glacial series are 
older than any of the shell-bearing deposits belonging to the 
glacial formation in other parts of Britain. 


CHAPTER XXIX. 



GLACIAL DEPOSITS OP ENGLAND — Oontiniied. 

The great chalky hoiilder-clay. of eastern and soiitli-eastern. counties. — Mr. S, T. 
Wood on its origin. — formation hy land-ice.— Mr. S. B. ,J. Skertchly on 
the hoiilder-elay of midland and eastern comities. — -Drift phenomena in the 
sonth-WGst, south, and midland distriets.-— ” Korthern drift,” its origin. 

T he great chalky boiilder-clay which eoyers such extensive 
areas in Essex, Hertford, Bedford, Cambridge, Suffolk, 
Norfolk, and Lincoln, has been shown by Mi'. Wood to be 
of, more recent date than his middle glacial series ; and this 
is a most important point to have ascertained, as we shall see 
presently. The boulder-clay in question is an unstratified 
mass of pale dirty grey clajq more or less abundantly crammed 
with fragments of chalk and flint. Amongst these may often 
he detected stones which have come from greater distances, 
such as Oolitic fragments, white sandstone, basalt-rock, quartz, 
granite, and other crystalline rocks. None of the stones 
appears to be water-worn, save such as may haye been derived 
from gravelly beds in the Tertiary formations, their general 
appearance being similar to that of erratics in the till of Scot- 
land and North of England : they are blunted and subangular, 
often well smoothed, and frequently striated. Now and 
again lenticular beds and patches of sand and gravel occur in 
the clay, just as in the Scotch till. Traces of bedding in the 

^ Tlie great, ekalky ,1)oaIder-clay forms Mr. S.'Y. Wood’s '^^Dpper Glacial 
Series.” I think his cl^sification of the drifts of the eastern counties is excel- 
ient ; and, ate xisiting many of the localities described by him, I have been able 
to confirm, to my own satisfaction, the succession which he and ' his coadjutors, 
Messrs. Eome and Harmer, have songht to establish. At the same time, I think; 
their nomenclatnre^is, nnfortunately, misleading, since one is. apt to suppose that 
their Upper Glacial Series ” represents the close of the glacial period, whereas 
it is the product of the most intense glaciation experienced in these islands. There 
are younger deposits of boulder-clay, aa will be pointed out farther on, each of 
which indicates' the' .presence of aa ice-sheet, not no extensive, indeed, as that 
underneath which the chalky houlder-clay accumulated, but stffl' big enough to 
cover all Scotland and the north of England. 
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mass are very rare, according to iny colleague Mr. WMtaker, 
and are cliiefiy noted towards tlie bottom of the deposit. 
This bedding/' such as it is, appears to be defined by mere 
local changes of colouring. Here and there, however, the 
clay contains at its base irregular layers of gravel, which 
sometimes attain a thickness of several feet. In the same 
position beds of laminated brick-clay also occasionally occur. 
These and the gravel-beds are usually inferred to belong to 
the so-called middle glacial series," which is said therefore to 
contain here and there one or more intercalated beds of boulder- 
clay. From what I have seen of these beds myself, however, 
I cannot agree with this classification. The brick-clays and 
gravel-and-sand beds evidently form part and parcel of the 
great chalky boulder-clay, and are quite analogous to the 
similar beds which are found underlying and intercalated 
with the Scotch tilL So strongly indeed do the laminated 
brick-clays which are associated with the chalky boulder-clay 
resemble those which occur now and again in and below the 
Scotch till, that I fully expect to hear some day that they have 
yielded both mammalian bones and vegetable remains.* The 
gravel-beds associated with the base of the boulder-clay do 
not differ, as I have said, from like deposits that occur as 
lenticular beds in and under the Scotch till, of which they 
clearly form a part. 

In a number of good sections which I visited under the 
guidance of my colleagues, who are at present engaged in 
geologically surveying the East Anglian districts, I noticed 
that the clay was as hard and compressed as any till I have 
seen, and here and there it appeared to be squeezed down 
into underlying strata of chalk and other rocks. It is of very 
variable thickness, being sometimes only a few feet, and at 
other times swelling out to a depth of 100 ft. or more. The 
junction-line between it and the underlying strata is always 
more or less well defined, but every one who has studied it 
has been struck with the unevenness of the surface upon 
whieli it rests— for while here and there at may repose upon 
a level platform over a considerable area, it ever and anon 

^ At OBa of tlie pits Bear Ipswicb, -wiiere these laminated clays are worked, and 
wliich_ I visited in company with my friend, Mr. Whitaker, we were informed 
that pieces of wood were fonnd at or near the bottom of the clay — a statement 
which I hope Mr. Whitaker may be able to verify. 
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cuts , deeply cloTO into tlie strata imderneatli, , Yery fre- 
qiiently it seems .to cut out all tlie earlier drift deposits so 
as to repose directly upon older Tertiary .o.r Cretaceous deposits. 
I may add tliat tlie deposit lias not been traced farther south 
than the heights overlooking the valley of the Thames. 

In the easteim part of Y^orksliire, more especially Holder- 
ness, and the Tale of York, extensive areas are more or less 
thickly strewn with boulder-clay. The drift of this district 
has been described by Professor Phillips/'' who mentions the 
occurrence of two boulder-clays separated by an intervening 
series of sand and gravel, as follows : — 


n’pper botilder-cky, south of Bridlington . 

Middle gravels . . * . 

Lower ’boulder-clay .... 

** Bridlington Crag,” of nndeterniined age 

Basement bed, or lower gravels 


Bro-wti clays, with fragments. 
Sands and gravels (irregulai’). 
Brown clays, with fragments. 
Gravel, sand, &:c. 

( Blue clay, with chalk and flint, 
1 and fragments of distant rocks. 
?A limited sandy mass, uncon- 
I formed to the ‘honlder-cday 
■{ a'boTe it, and rich in marine 
j shells, mostly of existing species 

and indicating a cold climate. 

I Fragments of chalk and flint 
( with honlders of distant origin. 


More recently t the drifts of this area have been examined 
in detail by Messrs. S. Y. IVood and Borne, and correlated 
with the glacial deposits of East Anglia, &c. The divisions 
recognised by them are as follows, the beds being mentioned 
in descending order : — 


e Hessle honlder-clay. 
d Hessle gravel. 

c Purple clay, including Bridlington Crag.” 
b Gravel, &c. 
a Chalky houlder-clay. 

The chalky bouHer-clay answers in every respect to the 
great chalky boulder-clay which has already been described, 
and there can be no doubt that the one is merely the con- 
tinuation of the other. Messrs. Wood and Eome describe it 
as “ a lead-coloured clay abounding in chalk-ddhris, accom- 
panied by stones and boulders from all sorts of rocks.” It 
“ rises up in only a few parts of the coast, and is overlapped 
in every direction by another thick bed of boulder-clay (c) to 
which in most of its exposures it presents a very denuded 

J- • Jiimtmims of the Geology of TorhMre, 1 875 [last edit.], 
t voL xxiv. p. 14k .. 
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surface, rising iip beneatli it in bosses, and in some places 
diyitled from it by tlie beds marked bP At Dimlington I 
noticed that tMs lead-coloured till was not only very tough 
and well-charged with stones, most of the harder ones of 
whieh showed glacial strife, but it was also quite imstratified. 
Here and there, however, there occurred lenticular and irre- 
gular layers and patches of shingle, gravel, sand, &c., just as 
in the typical Scotch till. Now and again I also* observed 
that peculiar '' curled arrangement’’ of the stones in the clay 
which has been described in connection -with the Scotch till, 
and which points to the onorcdne-profonch origin of the 
deposit. The same curious relation between the size of the 
stones, and the coarseness of the strife imprinted upon them, 
likewise obtains in the chalky boulder-clay of Holderness. 

According to Mr. Wood the great chalky boulder-clay is 
the product of an ice-sheet — a vie-w which my own observa- 
tions compel me strongly to support. I differ from Mr. Wood, 
however, both in regard to the extent of this ice-sheet and to 
the mode in which its moraine p7^ofonch was formed and accii- 
niiilated. He believes the latterto have been extruded upon 
the sea-bottom by an ice- sheet which broke off in bergs along 
the southern slope of the Lincolnshire wolds, by which means 
the subglacial debris of the chalk Wolds was distributed over 
all the submerged part of England down to the northern 
brow of the Thames valley. It would lead me into details 
for which I have no space, were I here to attempt a minute 
criticism of Mr. Wood’s views for the purpose of showing how 
inadequate they are to explain the phenomena, and I wish as 
‘‘much as possible to avoid a controversial tone. The kind of 
ice-sheet which he supposes to have existed in the Wolds, and 
of which he has ventured to give a sectional representation, 
is, I believe, a physical impossibility. He seems to have 
been considerably influenced in forming his opinion of the 
origin of the East Anglian boulder-clay by his inability to 
conceive of the formation underneath land-ice of a bottom- 
moraine. And yet all the appearances connected with the 
chalky boulder-clay conspire to assure us that such was 
indeed its origin. I could see nothing in it to distinguish it 
from the till of Scotland, or the tough clay with striated 
stones which covers such wide areas in the low grounds of 
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Switzerland. It is, just as good and genuine a till as one 
.could liope fo.r : tliere is nothing whatever about it to indicate 
former marine action — the intercalated .and interrupted beds 
and patches of sand,- gravel, and laminated clay which now 
and again appear being precisely similar to those, that , occur 
in the boulder-clay of the north .of England and Scotland,: 
while ' the distribution and transport of its ineluded fragments 
clearly indicate that these have bee,n l)roiiglit by a great 
stream of land-iee .flowing in some determinate' direction, 
and .have not been dropped at random, over a sea-bottom by 
the eccentric action of icebergs 'and ice-floes. 

Although the land-ice formation of the chalky boulder-clay 
thus .appears tome to be so very obvious, yet there are, some 
geologists who still maintaiii that it owes its origin in some 
mysterious way to the action of icebergs which sailed over a 
large part of England during a period of depression ; no one, 
however, as far as I know, has ever entered so far into details 
as to show in what precise manner the deposit could have 
been formed by icebe.rgs. My friend and colleague, Mr. S. 
B. J. Skertclih^, Vvlio has surveyed wide areas of this drift in 
the eastern and midland counties, is very decidedly of opinion 
that icebergs have had nothing whatever to do with it, but 
tliat its formation must be ascribed to land-ice. The tacts 
upon which he bases his conclusions are much the same as 
those which have led Swiss, Scandinavian, and Scottish gla» 
cialists to hold the ground-moraine origin of their unstratified 
clays with striated stones ; but as some of our fellow-ham- 
merers in England are not quite '' educated up '' to these 
views of the origin of their chalky boulder- clay, it may be 
well to allow Mr. Skertchly to state his ease here. lie has 
been good enough to supply me with some notes on the drift 
dc'posits of the eastern and midland counties which are so 
interestingiii themselves, and so pertinent to the question .of 
the origin of the chalky boulder-clay, that I have much plea- 
sure ill maldng room for them. 

Mr. Skertchly says : y^ The district to ■which the following 
notes refer is over 2,000 square miles in extent, and lies 
within the counties of Lincohi, Entlaiid, Leicester, Norths 
ampton, Huntingdon, J^'orfolk, and Suffolk. The Fenland 
itself occupies parts of all the above counties excepting 
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Ilutlaxid and Leicester, and embraces an area of over 1,S00 
square miles, all of wliicli, with very trifling exceptions, is 
covered' with Post-tertiary deposits. 

'' The lie of the older rocks must be briefly described 
before entering upon the questions relating to the newer beds. 
The strike of the Oolitic rocks is roughly north and south, 
as is also that of the Cretaceous beds along the south and 
east of the Fenland ; but upon the north, in Lincolnshire, the 
strike assumes a westerly trend so as to overlap the Oolitic 
beds. The two great clays, the Oxford and Kimeridge '"' 
(which througlioiit this area come together in consequence of 
the local absence of the Coral Rag), underlie most of the Fen- 
land, the former capping the ground to the west thereof, 
while the latter takes the ground on the north-west and 
south-west. The Gault Clay is found beneath the Fens in 
parts of Cambridgeshire and Norfolk only, and the Chalk 
underlies very little of the area, but hounds it on the south, 
east, and north-east. 

" Confining our attention for the present to the Chalk, 
Kinieridge Clay, and Oxford Clay, we find that the boulder- 
clay lying upon these rocks partakes of their physical cha- 
racter. Thus upon the Chalk the boulder-clay is very chalky, 
and indeed in some places, as at Mareham-le-Fen in Lincoln- 
' shire, and Thetford in Norfolk, it is almost entirely made up 
of that substance ; at the former place it is quarried and 
burnt for lime, and at the latter the presence of seams of clay 
and ice-scratched flints alone enables us to discriminate between 
it and the Chalk beneath. The Kimeridge Clay is darker 
than the Oxford Clay, and we accordingly find the boulder-clay 
which reposes uj)on the former is darker than that which lies 
upon the latter. Where boulders are rare it is sometimes very 
difficult to distinguish the boulder-clay from the older rocks, t 
"I have chosen these examples as being most readily 
observed around the Fens. But similar remarks a|)ply to all 
other formations upon which I have mapped boulder-clay. 
For example, the light-blue Upper Lias Clay of Leicestershire 
impresses its character upon the boulder-clay which overlies 

* See Table of Formations, Appendix A, for geological position of these and 
other Oolitic and Cretaceous beds. 

t It is difficult to express this forcibly enough in a few notes ; examples and 
localities corid be multiplied 
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it,: and tli.e other members of tlie Liassic group where they 
are i.n force behave in a similar manner. The great Lincoln- 
shire (Inferior) Oolite limestone around Melton Mowbray yields 
so large a quantity of material to the boulder-clay there that 
I liaYO been in doubt as to whether the deposit might not be 
faulted limestone. 

These pecuharities are at once, and correctly, expressed by 
the statement that the ingredients of the boulder-clay are for 
the most part supplied by rocks, upon or near which it reposes. 
That this is actually the case, and not an accident of colour, 
is further attested by the included fossils ; Grfplma dMcdata 
and Belemnites Oimnii, for example, are abundant upon the 
Oxford clay, and Ostrea deltoidea w^on the Kimeridge Clay. 
It rests with the upholders of the marine theory of this 
boulder-clay to explain by what “ selective affinity '' icebergs 
shed Oxford Clay detritus chiefly upon Oxford Clay, and so 
on with other rocks. 

“By a happy accident it can, however, be proved that much 
of the boulder-clay around Brandon has been formed in that 
immediate vicinity, that it has not moved more than a few 
miles, and that the material has never been exposed to the 
free action of the weather. Brandon is the seat of the gim- 
fiint industry, and from neolithic ^ times flint has been unin- 
terruptedly mined for in the neighbourhood. The beds of 
flint are five in number, and each possesses peculiarities which 
render its recognition easy. These layers of flint are quite 
local, not exceeding in area ten square miles. The flint to be 
available for gun-flint making must be perfectly sound, and 
pure in colour. An exposure to the weather for a few months 
entirely spoils it. Now in the boulder-clay near Brandon, 
large pieces of each of these kinds of flint are found measur- 
ing occasionally as much as a yard over. They are perfectly 
striated ; but the coats have suffered hardly any diminution 
of thickness, and the stone is as sound and the colour as good 
as in that freshly dug from the flint-pits ; indeed they are 
actually used by the flint-knappers. These flints can only have 
been derived from the immediate vicinity ; it is clearly impos- 

* Tlie age during wMcE tlie ancient inhabitants of Britain used weapons and 
implements of stone comprises two periods ; tiz., tbe OH Stone or Faiseolitbic, 
ana tbe Hew Stone or Heolitbic periods. See Chapter xsxvii. 
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sible that they should have been dropped by icebergs, for the 
glacier from which the berg broke away must have occupied 
the same dry ground as the iceberg floated over and melted 
upon ! and it is equally impossible that the flints should have 
formed part of a lateral moraine, or they would have become 
shattered by exposure to the weather.^ The only explanation 
which accounts for their presence and condition is that they 
formed part of a ground-moraine beneath an ice-sheet. 

While engaged in mapping the Oolitic rocks of North 
Northamptonshire, Lincolnshire, Rutland, and Leicestershire, 
ive often met with a very puzzling phenomenon which now 
appears very easy of solution. From the Inferior Oolite to the 
Cornbrash the beds there consist of intercalated beds of clay 



Fig. 55. — sticking to cla^s. c, a, a, limestone; h, clays; c, (?, c, 
bonlder-clay ; dotted indicates tke original contour of boulder-clay. 

and limestone averaging say fifteen feet in thickness. The 
boulder-clay has suffered considerable denudation, and is 
frequently absent from the narrow outcrops of the limestones 
but present upon the clays, so that wm used jokingly to say 
'Hhe boulder-drift sticks to the clays.” The appearance is 
represented in the annexed cut. The hard limestones stand 
out and the soft clays have been worn away. I know of no 
other power than a grinding and scooping one which could have 
cut out the Oolite clays and filled the hollows up with boulder- 
clay. Of course ordinary atmospheric action would wear 
away the rocks in the same manner, but here everything 
tends to show that the scooping was contemporaneous with 
the filling up, and if icebergs or ordinary glaciers had done 

^ * Many of tbese flints -were dug last summer (1875), and the exposure to a 
single season’s frost bas rendered them unfit for flint-knapping : how then could 
they have withstood exposure to the rigours of arctic winters upon the surface of 
glaciers ? 
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the work they would hare . left different tool-m,arks. The 
original contour of the boulder-clay is shown hr the clotted 
line, and it is only in consecj[uence of the subsec|iieiit denuda- 
tion that the phenomenon in question is.reTealed. / 

' “ There is a remarkable modification of the law, that the 
physical character of the boulder-clay is dependent upon that 
of the subjacent rocks— a modification' which evidently cannot 
be explained on the marine theory, nor yet on that of local 
glaciers. This is the invasion of the outcrop of one rock by 
the boulder-elay which is composed of some other rock lying to 
the north-east.^ This is best observed on the northern border 
of the Fens, where, in consequence of the overlap of the Cre- 
taceous beds their strike runs in a north-west direction. 
Upon the Chalk to the extreme east the boulder-clay is very 



Pig. o6, — Exaggerated diagram-section sliowing the relation of the boulder-clay 
to the subjacent rochs in Liucolnshhe. 

A, Cretaceous ; B, Kimeridge Clay ; C, Oxford Clay ; very chalky boulder-clay ; 
b, dark blue Kimeridge-like clay ; light-blue Oxford-like clay. 

chalky, and it maintains this character across the narrow 
Greensand outcrops on to the Kimeridge Clay. We then get 
a deposit composed chiefly of Kimeridge Clay, and this is 
continued in like manner on to the outcroj) of the Oxford 
Clay, when the boulder-clay assumes the character of that 
rock, as shoivn in the subjoined very exaggerated diagram- 
section. This peculiar arrangement can only be explained 
by supposing the ice-sheet to ha%"e flowed from the north-east 
to the south-west, that is to say mlamd from the mast. In 
this it agrees \Yith the ice-marks along the north-eastern 
shores of Britain generally. 

I thouglit at one time that the chalk-surfaces beneath 
the houlder-cLiy might yield us 'ice-pavements' similar to 
those found in the glaciated Palseozoic regions to the north. 

^ See p. 73. 
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These I IiaTO not yet found, for tlie chalk was too soft to 
resist tlie grinding pressure of the ice, and consequently there 
is generally no sharp line of demarcation between it and the 
boulder-clay, but the former is broken up and mixed with 
sand and clay, forming a peculiar material locally known as 
dead-lime, which, I believe, is unknown in the south of 
England. This dead-lime passes insensibly into solid chalk 
below, and into boulder-clay or palaeolithic gravel (as the 
case may be) above; thus affording another proof of the local 
nature of the glacial clay. It is mostly composed of shattered 
chalk, and averages about three feet in thickness, and the 
marly cream-coloured portions form irregular-shaped pockets 
siiiTOunded by the white dead-lime. Flints are abundant in 
it when the chalk beneath is flint-bearing, but in other cases 



Fig. 57. — Eelations of the dead-lime, boulder-clay, and edge-ways flints. 

< 7 , boulder-clay ; h, cream-coloured pockets of dead-lime ; c, white dead-lime ; d, 
edge- ways flints ; e, solid chalk. 


they are rare or wanting. It is a significant fact that these 
flints seldom lie in a natural position, or as they -would fall 
under the influence of gravity alone, but stand on end, or as 
the workmen say edge-ivays. The general appearance is shown 
in the following figure, wdiich forcibly suggests a motion 
from north-east to south-west. Many sections, however, do 
not bring this out so clearly, because they are not in the right 
direction ; but, so far as my observations have yet gone, the 
phenomena are pretty general. The edge-ways flints are quite 
un- weathered, and are often used by the flint-knappers. 

''All of the above peculiarities are explicable solely on the 
land-ice theory, and are absolutely antagonistic to the marine 
hypothesis ; hence, even if they stood alone they would yet 
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be sufficient to negative the latter. But an equally. powerful 
argument in fayour of the land-ice origin of the boulder-clay 
is furnished by a consideration of the heights to which, that 
deposit extends. Icebergs are merely fragments .broken 
from the terminal fronts of glaciers which protrude, into the 
seUj and the material they txransport is part of that which 
has fallen upon the surface of the parent glacier, or which 
has become frozen into its base. To produce iceberg boulder- 
drift two things are essential, namely, gathering-grounds from 
wdiich the boulders are derived, and sufficient depth of water to 
float the bergs over the point upon which their hiirdeii 

is deposited. It follows from this that the material compos- 
ing such houlder-clay must have been derived from rocks 
lying f xi sitU' at a higher level than the boulder-clay attains. 
Now” the houlder-clay under consideration has received the 
name of the ‘ great chalky houlder-clay ’ — great, because of 
its wide-spread extent, wffiich is not less than S,000 square 
miles and probably much more, and chalky because it is 
throughout characterized by the presence in greater or less 
abundance of fragments of chalk. It caps all the high 
grounds of the eastern and midland counties, attaining an 
elevation of at least 500 feet above the sea-level, and it is 
also found (at Boston) 600 feet below^ that level. Now we 
may be sure that if it be iceberg-drift, there must exist an 
extensive gathering-ground of Chalk having an elevation of 
more than 500 feet. But wffiere is it? Certainly not in 
western Europe, for the Chalk does not attain so great an 
elevation except in a few isolated spots. It is clear that a 
few scattered islands could ne%mr feed the great glaciers wdiose 
fragments formed the chalky boulder-clay, and hence w^e may 
at once dismiss the marine theory on the ground that the 
rocks which supplied the material of the boulder- clay -would 
be almost entirely submerged beneath a sea capable of float- 
ing icebergs over hiUs 500 feet above the pi'esent sea-level'^ 

I think it quite unnecessary to add more facts to prove 
that only the land-ice theory can account for the phenomena 
of the houlder-clay of this district, and should not have dealt 
with them at so great a length had not recent waiters taken 

^ Oxford and,. Kimeridge -Olavs, wMcIi .supply so ■ large a bulk: ,of ■"tiie 
Ibonlder-claj, vould be submerged. 
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it almost for granted that the marine theory would alone 
‘ hold water/ 

“ The boulder-clay, however, like its relative the Scottish 
till, is not one and undivided, but contains intercalated beds 
of sand and stratified clay and loam in places. They are, 
however, so precisely similar to the Scotch intercalated beds 
that I will only give three sections for comparison. 

“ The first is at Little Bytham in Lincolnshire, where the 
section is as follows : — 


BouHer-cIay, thickness unknown, say • , • . 30 

Sand and gravel , . . . • . . . 16 

Boulder-clay 33 

Sand and gravel . 88 

Boulder-ciay 


167 

“ The second section is from a boring at Boston, and is 
remarkable for the thickness of the beds and the depth to 
which they descend, the top of the section being only 20 ft. 
above the sea : — 


Fen-beds .... 


ft. in. 
24 0 

Boulder-clay 


. 440 0 

Sand, gravel, and clay 


14 0 

Clay 


7 0 

Coarse gravel . 


. • . 66 

Boulder-clay 


19 6 

Coarse gravel . 


19 0 

Clay .... 


7 0 

White sand 


11 0 

Brown loam 


. . . 6 0 


5o3 0 

“ The third section is at Elvedon Gap, near Thetford, in 
NorfoUv, and is taken in the centre of a basin-shaped depres- 
sion in the Chalk, which basin the recent beds fill up : — 


Sand lying nnconformably npon, and cutting into, the ft. 

subjacent bed 3 

Boulder-clay ........ 6 

Grey clay 4 

Blue clay 12 

Eock formed of cemented loam ..... 2 

Laminated and contorted loam 3 

Very fine gravel, stratified and contorted, with seams of 

loam 4 

Loam as above 4 

Boulder-clay 2 

Gravel . . . . 2 

Chalk , . ... 


42 
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; ■ The similarity of these sections to many of, those described 
from Scotland in the - earlier part of this work .is very striking, 
and obviates the necessity for further description.” 

.. From the feet that the great challiy bonlder-clay extends 
much farther south than' any other member of the glacial 
formation, wO' may infer that it mark's the epoch of greatest 
cold. The extreme .limit reached' by the iee-sheet iiiid.er- 
neath which, this .ancient till accumulated has been the suliject 
of considerable, discussion. We know that' it must have 
reached,, at least to the edge of what ,is now the Thames 
valley, and the probabilities, are that it even, extended ferther. 
But while in the north we -have little difficulty in tracking 
the course of the,- great confluent glaciers, we find, as ,we 
approacli the southern counties, that the marks by which we 
had learnt to track the spoor of the ice gradually fail us. 
We have no longer the well-known glaciated outline which is 
so marked a feature in the north ; undulating liillv tracts there 
are, but we look in vain for roclies moutonnees and striated 
rock faces. Instead of hard sandstones, Kmestones, gray- 
waeke, and igneous rocks, we now meet with more or less 
crumblmg calcareous strata, clay-beds, soft sandstones and 
other incoherent or semi-indurated masses, which if they had 
ever been glaciated, could not have retained for any lengthened 
period the outline impressed upon them. 

Nevertheless, even in such unlikely districts, evidence of 
vdiat appears to be old ice-work is not wanting. Thus in the 
neighbourhood of Bath, Mr. Charles Moore has noticed'"" that 
the surface of the stiff clays of the Lias shows, whenever the 
overlying gravel-drift has been removed, '" deep and long- 
continued furrows,” such as might have been the result of 
ice-action. Farther south Mr. W. C. Lucy has noted f dis- 
tinct traces of glaciation in West Somerset, at Minehead and 
Porlock ; and Mr. C. W. Peach informed Dr. Croil that he 
had observed a well-striated rock-surface on the Cornwall 
coast, near .Dodman ' Point. It is remarkable, ■ however, . that 
south of the Thames we meet with no undoubted boulder- 
clay. We cannot therefore positively assert that,, the , great 
ice-sheet, underneath ■which the , chalky boulder-elay of York- 

* BMh Watural Mistor^ mid Aniiqtmnan lieM 

t Geological Magazine^ vol. i., Decade ii., p. 2<5o, 
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sliire and tlie eastern counties originated, ever advanced fartlier 
soiitli than the valley of the Thames. The evidence, however, 
leads IIS to infer that during the climax of glacial cold, a 
portion of the great ice-sheet that covered Wales and the north 
streamed south by the valley of the Severn into the Bristol 
Channel. 

More than this : when we track out the spoor of the old 
ice-sheet by means of the erratics which lie scattered over its 
former path, we find that these lead us m Northumberland 
Iroin north-west to south-east, while along the eastern slopes 
of the Pennine chain the ice-flow is generally from west to 
east. Coming farther south the erratics lead us towards the 
south and then south-west into the midland districts, and so 
on to the Cotteswold country and the Bristol Channel. 
Evidently the midland counties have been crossed by an ice- 
sheet that flowed from the north-east, and the explanation of 
this apparent anomaly is probably that which has been sug- 
gested by my colleague Mr. R. L. Jack. He pomts out that 
during the climax of the Ice Age, the ice deriving from the 
south of Scotland and the north of England must have been 
compelled by the Scandinavian ice-sheet, which filled the bed 
of the German Ocean, to hug the English coast and eventually 
to sweep across the whole breadth of the island in a south 
and south-westerly direction. The ice descending to the east 
from the Pennine cham was thus forced to turn round as it 
approached what is now the sea-board and so to flow away to 
south and south-west. Thus it is that boulders derived from 
Scotland and the north of England are now found scattered over 
Yorkshire and the counties to the south. And if, as I believe 
was the case, the deflection of the Scotch ice took place in 
the Moray Firth, then the mer de gkice that overflowed the 
East Anglian counties may actually have streamed first out 
of the northern glens of the Grampians. Dr. Croll has even 
ventured to affirm that the south-east jDart of England must 
have been overflowed by the great Scandinavian ice-sheet 
that crossed Denmark, He believes that the ice was so thick 
that it must have continued on its course towards the west, 
filling up the bed of the English Channel so as to become at 
last confluent with the gelid mass which at the same time 
occupied the bottom of the Bristol Channel. There, is no 
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direct proof, liowever, to- show that the ground south of the 
Thames Talley was ever covered with land-ice. But so great 
has been the demidation of the country since the climax of 
the Ice Age, that even if the ice-sheet had overflowed the 
Downs we could hardly expect to meet now vdtli very strong 
marks of its former , presence there. Nevertheless, erratics 
and gravel of rocks foreign to the district ought certainly to 
have ]}een sprhikled about in sufficient quantity to have at- 
tracted, the notice of geologists, and that these, are not forth- 
coming is proof presumptive that the ice-,sheet terminated 
somewhere in the region now watered liy the Thames. 

The disappearance of this great mev de glace was doubtless 
accompanied by excessive floods and torrents due to the rapid 
melting of the snow and ice and to heavy downfells of rain in 
summer. We might expect therefore to meet with the 
evidence of such . floods in the presence of more or less 
tumultuous accumulations of gravel, shingle, and boulders. 
And such certainly are not wanting. Bueklaiid, Conybeare, 
Sedgwick, Phillips, and the early observers were much struck 
with the great quantities of shingle and the numerous erratics 
that strew the midland districts, and which occur even farther 
south, as hi Cornwall and Devon, xlnd they probably came 
very near the true explanation of the facts when they attri- 
buted the transport of the materials to the action of great 
debacles. The drift ” in question is certainly not marme, 
for it contains no trace of marine organisms, and no one has 
succeeded in showing how it could have been formed by the 
action of ordinary rivers. It sweeps up and over considerable 
hills, and occurs on the tops of plateaux, and on the dividing 
ridges of separate river-basins. Mr. Lucy has met with 
“northern drift” at a height of upwards of 600 feet above 
the sea among the Cotteswolds.'*^ In fact, it is from the very 
circumstance, .that the gravels . do occur in such anomalous 
positions that they received the name of “hill-gravels” from 
Professor Phillips. Speakhig of the drift pebbles . in the 
Cottesw’oH country and in the wide depressed and elevated 

* See Pmeeeiinffs of the Cottmwold April, 1869 ■, on tlie same subject, see 
also Quart, Jour, (E. Hull)., November, 18oo ; ‘‘ Oeologi,’' of the Country 

round Cheltenhaiii/^ Jfe'ii*. Geol, Surveys Qeohyy of Oxford and the Vatley of .the. 
Thames (Phillips); CEeliquite JJilmimm ; Quak. Jour, Geol, Soc, (T. Belt), vol. 
xxxii, p. 80, and the references there giyen. 
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regions round Oxford, lie says their ajipearance does not 
at first Tiew suggest that they have been transported by 
floating ice. '' Their actual distribution is due to watery 
movement on the surface where they rest. If icebergs brought 
these materials they seem to have left no definite trace of 
their passage. Still less do we perceive the marks of glacial 
friction on the surfaces where the pebbles rest. Yet the 
sudden changes of level and nature of materials of these 
deposits in particular limited and especially high situations — 
red northern drift, flint masses of every shape and various 
sixes, sometimes with unworn chalk, in separate patches or 
layers — ^give occasion for the opinion that something of ice 
action and currents, less contmuous than ordinary streams, 
and less expanded than lake fluctuations or tidal swellings, 
must be called in to account for these facts."’ All the 
phenomena referred to here, and the appearances described 
by other observers of the northern drift ” in central and 
southern England, receive as it seems to me a simple expla- 
nation if we conceive of the gravelly drift having been laid 
down during the retreat of the great ice-sheet. At that 
period there must have been in summer-time floods of water 
escaping from the melting ice which would scatter, more or 
less confusedly, the moramic materials brought down under- 
neath, embedded in, and resting upon the ice. It is not 
necessar3r, however, to suppose that the larger erratics have 
been carried along by such debacles into their present posi- 
tions ; they would simply be left lying upon the ground as 
the ice melted away. Thus after the ice had vacated the 
country this '"northern drift"’ would be found scattered 
promiscuously over hill and valley. That the deposit is not 
now more continuous than we find it arises from the fact 
that a very great degree of denudation has been experienced 
since the time of its formation, as every student of glacial 
geology well lmows.t 

* &eol. of Oxf. and Thames Yah, p. 462. 

t Some further remarks on the great chalky boulder-clay will be found towards 
the close of the next chapter. 
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GLiciAL DEPOSITS OP ENGLAND — Continued. 

Glacial deposits of Yorkshire, &c. — Stratified deposits between chalky till arid 
overlying boulder-clay.— Purple boulder-clay. — Hosslo gravel, &c, — Hes.slc 
bouldtjr-clay.^ — Phillips on age of mammalian remains of 'Yorlvshire. — A^e of 
deposits in V'ictoria Cave, Settle. — Cause of the diiierent colours, &c., of the 
Yorkshire bouldei-clays. — Contrast between glacial deposits of north and 
south. — Plateau p'avel. — Physical features of Korth and South contrasted. 
— Summary, 

T he labours of Messrs. Wood and Rome liave shown 
that after the deposition of the chalky boiilder-elaj in 
south-east Yorkshire and Lincolnshire, there siiperTeiied 
a period during which considerable denudation took place. 
Hollows were then scooped out in the chalky boulder-clay, 
and from certain regions the wliole deposit was cleared 
awny, and the underlying solid rocks tvere scarped and 
denuded before the accumulations presently to be described 
were laid down. In the hollows of the chalky till appear 
now and again heels of gravel and sand and occasionally layers 
of clay with sandy partings. At Diinlington I observed that 
these beds attained a considerable thickness, and consisted of 
a lotrer series of laminated gutta-percha clays with fine sandy 
partings, w'hieh varied in thickness from a foot or less up to 
ten feet, and an upper set of fine current-bedded yellow sands, 
with occasional gravelly layers that ranged from six to fifteen 
feet in thiclmess. The series, how^ever, is very inconstant, 
and is often totally w’anting. Professor Hughes obtained 
sea-shells from the cliff at Dimlington which were probably 
derived from the horizon of these stratified beds... Sea-shells 
of , a markedly arctic character have also been obtained from 
a similar position at Bridlington. According to Phillips the 
latter shell-hed was covered unconformahly by the purple 
boulder-clay, wdiich is precisely the case with the stratified 
deposits at Dimlington- — they rest upon chalky boulder-clav 
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and are coFered by purple boulder-clay. It is wortliy of note 
that the so-called “Bridlington Crag’’ contains some five 
species of molluscs which are not known as living forms. As a 
rule, however, the beds between the chalky till and the purple 
clay are iinfossiliferoiis, and it is by no means improbable 
that although they occur on the same geological horkon they 
may yet be neither strictly contemporaneous nor exclusively 
marine. I believe that much of the denudation that befel 
the chalky till before the accumulation of the purple boulder- 
clay took place may have been subaerial. The great ice-sheet 
that once reached south as far as the valley of the Thames 
ma,y have vanished in the light of day from the whole sur- 
face of England, leaving its morainic debris exposed only to 
the action of the atmospheric forces. No marine deposits 
with arctic shells either cover it or are associated with it in 
East ibigiia, and until unequivocal evidence of the former 
presence of the sea is forthcoming it seems more reasonable 
to hold that the denudation of the chalky till that preceded 
the deposition of the overlying purple clay w^as mainly effected 
by the subaerial forces. The shell-beds at Bridlington and 
Dimlington occur close to the sea and indicate no great sub- 
mergence, and I think it will eventuallj" be shown that they 
are much more closely connected with that period of cold 
during the climax of which the purple clay was deposited 
than with the preceding cold era of the chalky till. In short, 
the beds lying hetw^een the twm boulder-clays in question 
indicate a complete break in the succession, and point, as I 
believe, to an interglacial mild period; a conclusion which 
will appear not unreasonable after w^e have concluded our 
review of all the evidence bearing upon the glacial succession 
in the north-east of England. 

'Purple hoiilder-clay . — This deposit attains a considerable 
thickness and, according to Messrs. Wood and Eome, covers a 
voider area in Yorkshire than any of the other superficial 
deposits. It is believed by these geologists to be of marine 
origin, partly because it contains beds of sand, gravel, &c., 
•which have yielded sea-shells, and partly from the peculiarity 
of its distribution. The shell-beds, however, occur apparently 
at the base of tlie purple clay, and no more prove that stony 
clay to be marine than the shell-beds in the Scottish till 
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proTe the latter to haTe been accumulated in tlie sea. Again, 
the peculiar distribution of the purple boulder-clay, so far 
from favouring the marine- theory of that clay’s origin; seems 
to me to militate strongly against it. But let me, first give 
a short description of what seem to be the chief characteristics 
of the purple clay. 

In Holderness the purple clay is quite unstratified and 
generally tough — quite as much so in many places as the 
chalky boulder-clay. Its prevailing colour is a purplish 
brown, and hence it well deserves the name applied to it by 
Messrs. Wood and Borne ; now and again, however, one may 
notice irregular areas of dark greenish or bluish grey and 
dull leaden grey clay completely enclosed in the ordinary 
purple clay and forming part and parcel of the same deposit. 
The stones are of all sizes from mere grit up to blocks several 
feet in diameter, and they are scattered in the usual pell-mell 
manner throughout the deposit, in which they lie at all angles 
without any reference to their shape. Now and again, how- 
ever, I noticed that close to the bottom of the clay the stones, 
which were often large, lay horizontally uj>on the subjacent 
chalky till, forming a kind of rude pavement of coarse shingle 
and boulders. Most of the stones and boulders which were 
capable of receiving and retaining striae were more or less 
well glaciated — and many of the finer-grained rocks, such as 
limestones, were just as well striated as any specimens to be 
seen in tills elsewhere. Amongst the rocks represented I 
noticed the following : — 

Chalk, most ahimdant. 

Oolitic limestone, and other rocks. 

Bark blue Liassic rock with fossils.'^ 

Bed sandstones, various shades from pale reddish grey to dark chocolate 
probably Triassic and Lower Carboniferous. 

Magnesian limestone. 

White and yellow sandstones, probably Carboniferous. 

Carboniferous limestone, pretty common. 

Carbonaceous shale. 

Basalt^rocks, like that of “ whin^sill,** and other intrusive masses in the 
northern coal-fields. 

Biorite, perhaps from dyke in Silurian rocks of tbe north-west. 

Porphyrite, various kinds, both fine-grained and coarsely crystalline, and 
amygdaloidal; all of them may have come from the Cheviots, where rocks of 
precisely the same character are found. 

Greywackd, fine-grained and coarse varieties, all Silurian. 

Pebbly conglomerate, like “Haggis-rock** of Scotch Silurians, firom which it 
may have come, by way of the Tjme Talley. 

Granite, pink. 
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Syenite, pink, probakly from dyke in Silurian strata. 

Pink felstone witli blebs of quartz ; like intrusive rocks that occur in Silurian 

strata. 

Lydian-stone. 

Porcellanite. 

Quartz. 

The stones are quite of the usual blunted and subangular 
form, and the larger the stone the coarser are the strite. Here 
and there lenticular beds and irregular patches of gravel, &c., 
occur, and sometimes these look as if they had been rolled 
over upon themselves. The thickness attained by the clay is 
very variable— in some places it appears to be 60 feet and 
more. 

It rests either upon the interglacial beds already described 
or upon chalky till, or when this is absent the chalk itself 
forms its pavement. At Dimlington it forms here and there 
a very irregular junction with the chalky till which it has 
caught up in large masses and incorporated. It cuts down 
into the latter deposit again and again, and the interglacial 
beds are squeezed and confused here and there, and often 
abruptly truncated. In short, all the appearances which I 
have referred to so often as characteristic of a true moraine 
f Tofonde may be studied to admiration in the purple boulder- 
clay of Holderness. 

Messrs. Wood and Rome have pointed out that this purple 
boulder-clay with chalk extends all the way north to Mam- 
borough Head, where it is overlaid by a purple boulder-clay 
which contains no chalk. In other words, they proved that 
the chalky purj)le clay is restricted to the area occupied by 
Cretaceous rocks and does not extend north of that area, while 
the chalkless purple clay is chiefly confined to the region 
that lies to the north of the chalk Wolds of Yorkshire, 
although it does invade the Wolds to some extent and even 
appears* on the southern slopes of these uplands. All these 
appearances are readily explicable on the land-ice theory. It 
is obvious, indeed, that the ice-sheet which formed the purple 
boulder-clay must have flowed from the north, and this 
explains why it is that the chalky clay should only occur in 
the region occupied by the chalk. But as the boulder-clay 
was always being rolled forward underneath the ice, it is 
equally evident that boulder-clay resulting from the tritura- 
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tion. of tlie rocks that lie to the north the Wolds, and in 
which no chalk could occur, would eyentiially he dragged for- 
ward and compelled to overlap upon the chalk. „To aceoiiiit 
for the absence of chalk debris in the boulder-clay lying 
here and there upon the Wolds Mr. Wood is driyeii to infer 
that none of that chalkless clay was deposited until, by the 
complete submergence of the Wold, all source of chalk debris 
had been remoml'’ He thinks that the chalky part of the 
purple clay was laid down at a time when ice covered the 
Wold, and that this ice continued to envelop the ground 
until the extremity of the submergence succeeded in floating 
it off*, so that chalkless clay drifting from the north came to 
be deposited over that part of the drowned Wold country 
which had been formerly occupied by ice. This view appears 
to me beset with difficulties on all sides. Putting out of 
account the impossibility of an ice-sheet (of the kind deside- 
rated by Mr. Wood) continiimg to occupy the trivial Wold 
heights during any considerable depression of the land, and 
banishing from our minds all the evidence which the clays 
(as well those with chalk as those without it) furnish as to 
their true morainic origin, we may well ask how it came to 
pass that with a barrier of ice stretching across the Wolds 
there yet happened to he such a plentiful deposition of 
northern stones and debris immediately to the south of it. 
And if it be replied that these stones and debris were con- 
tinually travelling from the north underneath the ice and 
being extruded upon the sea-bottom at the ice-front, then we 
may again ask why chalk debris did not likewise continue to 
be extruded upon the Wolds until the ice had entirely melted 
back from these heights. But without entering further into 
controversial matter, I merely leave the evidence to speak 
for itself. The view of the land-ice origin of the purple 
boulder-clay which I support has at least the merit of sim- 
plicity, and it does not necessitate the occurrence of so many 
elevations and depressions of the land — ^oscillations of 
level for which no unequivocal evidence has yet been 
adduced. None of the appearances described by Messrs. Wood 
and Borne and observed by myself refuse to be explained by 
the theory I hold. The more plentiful occurrence of boulders 
in the lower part of the purple clay is by no means peculiar 
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to that deposit, and it is difficult to see Ilow it can favour 
any theory of its marine origin. So far as my own observa- 
tions go I find that boulder-clay is frequently more stony 
below than above : often, indeed, the bottom portion of a 
mass might be described as a coarse boulder-agglomerate. 
But one can understand why large blocks and boulders, and 
even stones of smaller size, should often tend to gather 
thickly towards the bottom of a subglacial mass which was 
kneaded and rolled forward under an ice-sheet.'^ Nor is the 
comparative paucity of boulders in some parts of the purple 
clay without a parallel in other tills, wdiich have without 
doubt been formed by the grind of land-ice. Those in the 
north of England and Scotland are sometimes free enongh 
of stones to be worked for brick-making, and the same is now 
and again the gase with the till of other well-glaciated regions. 

The most reasonable inference from the phenomena now 
described and commented upon seems to be that we have in 
the beds that overlie the great chalky boulder-clay evidence 
not of a gi'adually ameliorating climate, hut of a succession of 
climatic changes. The great chalky boulder-clay tells us of 
an intense arctic climate, during tbe continuance of which an 
ice-sheet covered all the British Islands and was continuous 
with a similar mass, underneath which, as we shall see by-and- 
by, Scandinavia and a large part of northern Eurojae lay 
buried. Then came a time when this mighty ice-sheet melted 
away and left the ground cumbered with the loose gravel and 
shingle which the great floods that resulted from its dissolu- 
tion scattered over the low grounds. To what extent the ice- 
sheet then retreated we cannot yet tell. We have no evidence 
to show that it might not have melted entirely away ; all we 
know is that its bottom-moraine was very highly denuded, 
and even the solid rocks upon which that moraine reposes 
suffered likewise very considerable erosion before the next 
scene in the strange history was acted. It is highly probable 
that most of this denudation Avas the work of subaerial forces 
—of rain, frost, and rivers. But eventually a time came 
AAdieii the sea appears to have occupied a somewhat Avider area 
in Yorkshire than it boat does. At that time shells AAdiich 
indicate a very cold climate lived round the Yorkshire coast. 

* See anie, p. 69. 
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The climate became still more severe, until eventually another 
big iee-slieet (that of the purple boulder-clay), extending 
from the northern districts, covered all Yorkshire and swept 
south into Lincolnshire. Further south than tliisits moraine 
has not been recognized. The. next deposits will show us what 
happened in Yorkshire after this last-mentioned ice-sheet 
melted away. ' ■■ ■ 

Jlessle gravel awl sand , — According to Messrs. Wood and 
Eorne the beds so called have a considerable but not uniform 
development under the Hessle boulder-clay — a deposit wliicli 
falls to be described presently. I suspect, however, that the 
Hessle gravel,’' like the beds which occupy a similar position 
between the chalky and the purple tills, have really been 
deposited at different times, and under considerably different 
conditions. The researches of Mr. Wood and his coadjutors 
Messrs. Eome and Harmer have demonstrated that prior to 
the deposition of the Hessle gravel all the older drifts had 
undergone very extensive erosion, Tlie whole of the region 
under review appears to have been worn and furrowed — val- 
leys having been excavated through the drift down into the 
underlying Secondary strata — before the Hessle beds began 
to be formed. This points to the long-continued action of the 
subaerial forces. It is impossible to believe that the great 
denudation in question could be due to other than river- 
action. Whatever view we take of the mode of origin of the 
purple boulder-clay we must admit that after its deposition a 
land-surface existed, and that rivers then took their way to 
the sea, and hollowed out most of the valleys that still form 
the lines along which the drainage of that part of England is 
effected. 

The Hessle gravel-beds are seen under boulder-clay at 
Hessle Cliff in the chalk-quarry and in the railway cutting ; 
they are also well exposed in some gravel-pits near Burst- 
wdck : they appear at Paul Clift' on the Humber ; and deposits 
occupying the same position occur again and again in the 
wonderful section laid bare by the sea along the whole coast 
of Holderness. The beds are remarkable for having yielded 
at ICelsea Hill and Paul Clift' a littoral marine fauna, compris- 
ing amongst other shells the famous Gyrena fiuminalis—a 
shell^which we shall afterwards find is associated in certain 
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old Talley “gravels in tlie soiitli of England with mammalian 
remains and ancient human implements. Professor Phillips 
also mentions the occurrence below the boulder-clay at Hessle 
of remains of horse, mammoth, ox, and deer."^ A detailed 
account of the deposits exposed in the gravel-pits near Burst- 
wick village, on the line of the Hull and Withernsea Eailway, 
has been given by Professor Prestwich,t to which the geological 
reader may refer for a list of the shells discovered. Amongst 
these shells ‘Hhere is not only/’ as Messrs, Wood and Harmer 
remark, ‘‘ an absence of the specially arctic and American 
forms which characterize the Bridlington beds, but also of 
those characteristic Crag forms Tellina obliqua and Nucula 
CoUboldiwI The shells indicate a climate not colder than 
the present. But the chief point of interest is undoubtedly 
the occurrence in the beds of Cyrena fiuminalis and mamma- 
lian remains. 

Without going farther than the Hessle beds themselves we 
can infer from them that the ice-sheet, underneath which the 
purple boulder-clay was formed, had entirely vanished — arctic 
conditions having given place to a temperate climate when 
the land supported a varied mammalian fauna. And not 
only so but we may also conclude that after the disap- 
pearance of the ice-sheet in question there must have been a 
much wider expanse of land than now. This is evident, for 
the valley of the Humber and many of its tributaries were 
scooped out of the older drifts before the deposition of the 
Kelsea Hill beds, and this of course implies that the sea was 
much farther away from the Yorkshire coast than it is at 
present. The presence of sea-shells in the beds near Burst- 
wick, however, clearly shows that eventually the sea gained 
upon the land : and during all the time these changes were 
taking place the climate appears to have continued mild and 
temperate. 

Hessle houlder-clay . — I come now to describe the youngest, 
and certainlj^ not the least important, of the Yorkshire boulder- 
clays, This clay is w^ell exposed at Hessle, and it also 
appears capping the cliffs along the Holderness coast. But the 
most interesting sections which I have seen are those exposed 
in the large ballast-pit at the side of the railway, one mile 

* Geology of TorlcstMref 3rd edit, f Quart. Jour, Geol. Soc., Tol. xvii. p. 446. 
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east of Burstwick. Tliis' is tlie Kelsea Hill section, described 
by Professor Prestwicli, and subsequently by Mr. Wood and 
bis coadjutors. The latter geologists describe tbe Hessle clay 
as being a genuine boulder-clay of a foxy red coioiir, and less 
tenacious cliaracter than tbe purple boulder-clay. According 
to tbem it varies in thickness ‘'from 10 to 20 ft, and maybe 
said to wrap the whole of Holderness and East Lincolnshire 
like a cloth, spreading over and enveloping the denuded edges 
of the basement and purple clays, and beyond them extending 
-So,rne way over the Chalk itself, reaching up the eastern slope 
of the Wolds to elevations approaching 150 and perhaps even 
200 ft. but not now maintaining any constant elevation;'' 
they have also shown, as I have mentioned above, that the 
deposit is certainly posterior in date to the valley-system of 
the region in which it occurs, for it seems to clothe hill and 
valley alike. The same observers are likewise of opinion that 
the Hessle boulder-clay is of marine origin, and has been 
derived chiefly from the denudation of the purple boulder- 
clay, at a time wiien ice formed along the shore and floated out 
to sea stones and boulders. The clay, tlie}^ think, indicates a 
dej)ression of the land, not exceeding perhaps “ 350 or 400 
ft. anywhere in Yorkshire, and dying off to nothing in southern 
Lincolnshue." 

I am sorry to appear so antagonistic to the views of geolo- 
gists, for whose labours I have sincere respect, and wiiose 
classification of the drifts of the eastern districts of England 
must be accepted as indicating the true succession. But a 
personal examination of the deposits has left me no alterna- 
tive but to reject their interpretation as inadequate. The 
Hessle boukler-clay yields no proof of a marine origin, but is 
as much a momme prof onde as the purple boulder-clay or 
even as the great chalky till itself. This is proved not only 
by the cliaracter of the clay, but also by the mode of its 
occurrence. 

At Hessle Cliff the clay is reddish browm, and very tough, 
quite as much so indeed as many portions of the purple clay 
or great chalky till The stones wdiich it contains are small 
as a rule, but I noticed a number .exceeding 5 and 6 in. in 
length, and one boulder measured 1 ft. 8 in. across. Most 
of the stones wkich are of such a Idnd as to receive and retain 
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stri® are well-striated, and tlie limestone fragments were 
quite as distinctly smoothed and scratched as any in the 
typical tills of more northern districts. They had certainly 
not been subjected to any rolling and abrasion subsequent to 
the period of theii* glaciation — ^but the striae were as fresh 
and sharp as those upon the stones of the Scotch and other 
well-marked tills. They lay also at all angles in the unstrati- 
fied clay, and were scattered higgledy-piggledy through that 
deposit ill the usual way. Here and there, moreover, could 
be seen little patches of gravel and sand in the clay, of pre- 
cisely the same chai’acter as those to which reference has 
been so frequently made in preceding descriptions of till. 
At one place in the same quarry I observed boulder-clay 
resting directly on the chalk without the intervention of 
any “ Hessle gravel,’' and the appearances there were 
highly suggestive. The colour of the clay was duller and 
more of a dirty brown colour, owing to the greater quantity 
of chalky stuff diffused through it. The chalk below was 
much shattered and rose up as it were in irregular broken 
hummocks into the clay, the lower portion of which was 
crammed with angular blocks and ddbris of the rock. 
These were so closely set that in some places they formed 
quite a breccia, and one could even push one’s hand into the 
interstices between the blocks — appearances which are closely 
paralleled by the coarse debris and breccia of angular blocks 
which now and again occur underneath the till in Scotland, 
especially when the pavement-rock is a much-jointed sand- 
stone. The upper part of this clay had been removed by the 
quanymen, and I cannot positively assert therefore that it may 
not be some fragmentary portion of either the purple boulder- 
clay or the chalky till. But as neither of these deposits 
appears in any other part of the large openings at Hessle, I 
think it is more likely to he a bottom' portion of the Hessle 
boulder-clay itself : on this, however, 1 lay no stress. 

In the sea-cliffs along the coast the clay is well-developed, 
in some places attaining a thickness of 20 and even of SO ft. 
Beds of gravel and sand of very variable character, and not 
reaching a thickness of more than a few feet, often separated 
it from the underlying purple clay, but not infrequently these 
were wanting, and the red Hessle clay then rested directly on 
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the latter — tlie junction-line being often irregular. The 
stones were as usual small,, but fragments ■ several inches in 
diameter were common, and occasional boulders, 18 in. and 
2 ft. across, now and again occurred. Sonietinies the stones 
are so sparsely present that the clay is w’orked for brick- 
making, Just as is the case with the upper boulder-clay of 
Lancashire, &c. There is no trace of bedding in the deposit, 
and nothing whatever appears from which one could infer its 
marine origin. Stony clays wdiich have been deposited in 
water invariably present more or less well-marked stratiiica- 
tion — the beds being often beautifully laminated. Numerous 
examples of such stratified stony clays occur in the glacial 
series (arctic shell-beds) of Scotland, and the Cromer clay 
exhibits similar appearances. One looks in vain, however, 



yig. 58.— Section in ballast pit, Kelsea Hill ; June, 1876. 
surface soil ; A, Hessle boulder-clay ; c, sand and gravel, witb. Gi/mia 
&c, j y, commingling of beds h and e. 

in tile Hessle boulder-clay for any such signs of aqueous 
deposition. Although not so well charged with stones as the 
two older boulder-clays of Yorkshire, it is nevertheless just 
as tumultuous a mass as either the purple clay or the great 
chalky till. 

So far, then, as an inspection of the Hessle clay goes, there 
are strong grounds for believing that clay to be the direct pro- 
duct of land-ice. This conclusion, moreover, is forced upon us 
when we examine more attentively the junction between the 
clay and the underlying Hessle gravel-beds. This is nowhere 
better seen than in the ballast-pit at Kelsea Hill. Here the 
unstratified red boulder-clay is seen resting upon deposits of 
gravel and sand which are full of current-bedding. When 
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Mr. Prestwicli Yisited tie section in 1861 tiis superposition 
of tie clay does not appear to iaTe been visible, but in 1867 
Mr. Searles Wood found tiat tie ^ ^ 
cfontiniied excavation of tie '‘bal- 
last” iad laid bare a most in- 
structive section wiici showed 
the boulder-clay resting upon the 
stratified deposits along nearly 
the whole face of the wide cutting. 

This summer (1876) when I ex- 
amined the section I saw that 
it had evidently been materially 
altered from the time when it 
■was visited by Mr. Wood. All 
round the pit the clay occupied 
the top of the cutting, but it 
formed now and again a very 
irregular junction with the under- 
lying deposits. In Fig. 58 the 
clay is shown at /i, where it at- 
tained a thickness of 15 ft. or 
thereabout. It was of the usual 
character. It will be seen that 
the junction bet^veen it and the 
underlying beds, c, is most irre- 
gular. At g the clay was con- 
fusedly mixed with the gravel. 

Near the junction there was no 
trace of bedding in the gravel, 
but gradually, as one receded 
from the clay, bedding became dis- 
tinct — the deposit being thickly 
charged with the old river shell, 

Cyrena fiuminalis, and other 
species. 

But still more remarkable phe- 
nomena appeared on the south- 
west side of the pit where the 
men are at present working. At 
that place the annexed section was very clearly exposed. 
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(Fig. ,o9'). As before^ 7?. represents the boiilder-clay' and 'c 
tlie gravel and sand beds vdiicli are locally full of sliells. 
Tlie jimctiondine it will be observed is iiTegiilar, and at one 
place {g} the till and the gravel become commingled. At lA 
an irregular layer of boulder-clay of precisely tlie same clia- 
racter as tlie overlying ■ Hessle clay makes its ■ appearance, 
wliicn I at once saw must be connected in some way witli tlie 
mass at tlie top of tlie section. Tlie gravel between, the bed 
lA and the main bed h was much confused, and in fact 
hardly any trace of stratification was visible. All round the 
lower patch, indeed, the gravel was ainorphoiis. From these 
and other appearances I inferred that the two beds ivere con- 
nected ill the manner shown in the annexed diagram. (Fig. 60.) 

Upon asking the men how they explained the oceurrence 



Fig;. 60. — Diagram section across the catting at A — i?. as sliown in Fig. 59. 

Hessle boulder-claj ; r, Cyrena beds j intruded tongue of A. 

of the patch at b\ they informed me that it was only a 
“leg'' and ivas connected with the stuff at the top — from 
which they said several such “legs" had come and had given 
them much trouble in the working. The patch in question, 
then, was only a tongue of boulder-clay which had been 
injected or intruded under the pressure of a superincumbent 
ice-sheet into the Cyrena beds below. Similar appearances are 
occasionally found in connection with the intercalated and sub- 
jacent beds of the Scotch till — tongues of till being squeezed 
down through and between the yielding deposits over wdiich 
the subglacial mass was rolled and pressed.'"' At 6^ (Fig. 59), 

* In my brotlier’s paper on tbe “ Phenomena of the Glacial Drift of Scotland 
[Trans, Geo'L Sm. Giasy, ^ i., part 2) will be found a section of contorted beds 

of sand and clay (Medwin IVater) wbicb shows a similar intercalated bed of till. 
This bed, mj brother thought, might have been floated as a boulder, and dropt 
into its present position, I believe, however, that it has been injected under 
pressure in the manner described by the same author in Ms account of tiie tiH 043 .d 
stratified beds at Chapeihali, near Airdrie. 
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aiiotlier apparently separate mass of boulder-clay is seen, 
iTliich at first I tlioiigiit must be a different -bed altogether, 
from that at the top. It was .harder and. tougher than the 
clay at \ and also of a darker and duller hue, being more of. 
a greyish brown than a red. . It closely resembled that part,, 
of the'. clay at,,..Hessie .Cliff,, which rested' immediately upon 
the chalk. I was told, however, that it also was connected 
with the mass at the top. Unfortunately the pit face where 
this junction was said to have been visible was quite covered up, 
— the ..portion concealed .by the talus being relatively wider 
than.. I .have. .shown it. .in' the sketch-section. The men 
assured' me that .at that : place there was no ballast’' at all, 
but the clay occupied the whole face of the cutting from 
top to bottom. I was further informed that large bones 
and horns ” had been got at various times from the gravel, 
but they could not tell me what had become of them now ; 
most of them it seems were purchased by gentlemen who 
had occasionally. visited the pit.* . 

Kow these sections seem to me to prove that the liessle 
boulder-clay is beyond doubt a true moraine ^rofonle. And 
this being SO, a most important point in the history of the 
glacial epoch is established by direct proof — this, namely, that 
the which occurs in valley-gravels in the 

south of England, associated with human implements and 
mammalian remains, and the presence of which has been 
usually looked upon as a proof of the j)ostglacial age of the 
deposits in vdiich it appears, did really live during interglacial 
times. 

We have now learned, then, that after the mild conditions 
of climate, which followed upon the disappearance of the 
purple-clay ice-sheet, had passed awaj?-, there supervened once 
more an intense arctic climate. An ice-sheet again enveloped 
the north and crept south over Yorkshire down into Lincoln- 
shire ; but all trace of its southerly termination, like that of 
the purple-clay ice-sheet, is now lost under the wide post- 
glacial flats of that county. It is unlikely, however, that 

^ Should this chance to meet the eye of th.e enthusiastic gentleman who him- 
self superintended the extraction of a hone, or hom, from the gravel under the 
clay, I hope he will he induced to send some account of his discovery to the editor 
of ihe Geological Magazine. It will he a pity if this and other “ finds at Kelsea 
Hill are not chronicled, because, as we shall see presently, a great deal rests upon 
theii' evidence. 


3So 


THE GREAT ICE AGE. 



tMs last ice-sheet reached so far south as that underneatli 
which the purple clay was formed. 

Professor Phillips was of opinion that the mammalian relics 
found at Hessle under the boulder-clay, as well as those got 
in the famous Kirkdale Cave, are all of preglacial age. He 
distinguished three periods, each marked by characteristic 
features ; — 

1st. Preglaeial land, occupied by lion, hjmna, mammoth, 
rhinoceros, &c. 

2nd. A period during which glacial waters were rising and 
felling. The deposits of clay, gravel, &c., of this period 
enclose remains of animals of the first period, which are often 
•worn. 

3rd. Postglacial land. No great Carnivora, no great 
Pachydermata living, the terrestrial surface abounding in 
cervine and bovine quadrupeds.* 

There can be no doubt, however, that the Hessle gravel 
with its mammalian remains is not only not preglacial, hut 
was laid down during mild conditions of climate long after 
the intensest cold of the Ice Age had passed away. Phillips, 
however, was not far from the true explanation. He saw’ 
clearly that the mammalian remains of undoubted postglacial 
age — those, namely, that occur in lacustrine and fliiviatile 
deposits which are clearly subsequent in date to all the 
boulder-clays and glacial drifts, present a complete contrast 
to the fauna of Kirkdale Cave, and the animals whose relics 
are found underneath or intimately associated with the drift 
gravels and stony clays. This remarkable conclusion deserves 
particular note, for it is quite in accordance with all that we 
know of the glacial and postglacial deposits of Wales, the 
north part of England generally, and Seotlaiid. In all those 
regions the freshwater postglacial deposits have yielded only 
cervine, bovine, and other quadrupeds, most of w^hich are 
still indigenous to these islands, 'while the great carnivores 
and pachyderms are conspicuous by their absence. The 
Hessle gravel, with its mammalian and molluscan remains, is 
clearly of interglacial age, and since the overlying houlder- 
clay is the most recent deposit of that kind in the north-east 
of England, we must conclude that the mammoth and its 

* Geology of Yorl'shire {187 o)f 1*10 » 


'GLACIAL DEPOSITS OF ENGLAND. 381 

congeners, wliose relics occur in the Hessle beds, lived in 
that part of England during the last interglacial period. 

Professor Phillips’s views as to the preglacial age of the old 
mammalia of Yorkshire have recently received strong sup- 
port from the discoveries made in Victoria Cave, near Settle, 
as reported on by my friend and colleague Mr. Tiddeman.* 
In this cave occur the bones of the old mammalia, compris- 
ing elephant (E. antiqims and primigeniiLs)^ hippopotamus, 
rhinoceros (R, heniitcechus and iichorhinus), bear {U, spelanis 
and ferox), bison, Gerviis elaphus, &c., and associated with 
these have also been found a human bone — ''a fibula of 
unusually clumsy build, and in that respect not unlike the 
same bone in the Mentone skeleton.” Besting upon the 
deposit in rdiicli these relics lie entombed are laminated 
clays, and clay containing scratched stones — accumulations of 
undoubted glacial origin. Mr. Tiddeman concludes that the 
ossiferous bed is of preglacial age, and that the absence of 
the old exthict mammalia from the valley-gravels of the 
neighbourhood is due to the grinding action of the old ice- 
sheet which once enveloped the country, and scoured out all 
the loose superficial accumulations that lay in its path. 

I quite agree with Mr. Tiddeman that the notable absence 
of the old mammalia is to be accounted for by glacial erosion 
— indeed I advanced that view very strongly a number of 
years ago — but, as I shall point out more fully in the sequel, 
the evidence does not entitle us to hold that the deposits of 
the Victoria Gave are necessarily of preglacial age. I hardly 
think we can put them farther back than the early stages of 
the last interglacial period — in short it seems most reasonable 
to include them with the mammalian remains of the Hessle 
gravel beds. 

I have extended these remarks on the drifts of Yorkshire 
to a greater length than I at first intended, but the novelty 
of some of the facts must be my excuse for this prolixity. 
Before I pass on to another subject, however, there are one 
or two remarks that I wish to make in regard to the condi- 
tions under which the three stony clays of Yorkshire were 
respectively accumulated. 

* ** Eeport of tlie Victoria Cave Exploration Committee,** jBrii. Assoc, 

1873-74-70 ; Geological Magazine^ vol, x, p. 11 ; I{ature, voL ix. p. U. 
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Tlie oldest till (great chalk j boulder-clay) of that eoimty 
eTicteiitly owes its origin to an ice-sheet that exerted more 
grinding force than the smaller sheets that succeeded in later 
cold eras. During the climax of glacial cold, wdien the Sean- 
dina‘\’ian ice-sheet strongly opposed the passage of the British 
ice out to sea, the ice that oTerflowed the Yorkshire Wolds 
and the country to the south, streamed inland towards the 
south-west, and as it went on its way its viomime profonde 
naturally became chalkier, seeing that its* path lay for so 
many miles over the area oeeupied by Cretaceous strata. In 
Holderness, although it contains upon the whole more chalk 
than the overlying purple clay, yet the quantity of that 
material is not so great as to entitle the deposit to be called 
a “chalky boulder-clay.” Moreover, fragments of northern 
rocks in the clay are much more numerous in Holderness 
than in the regions farther south. 

The purple boulder-clay is the product of a smaller ice- 
sheet, and its colour I think is due primarily to this fact. 
When the ice -wliicli formed it flowed towards the south the 
great Scandinavian ice-sheet still opposed itself to the free 
passage of the British glaciers, but as these latter were now 
of less consequence than during the climax of glacial cold, it 
is reasonable to infer that the Scandinavian ice-sheet also 
had in like manner lost much of its importance, and was 
therefore unable to exert the same degree of pressure upon 
the ice-sheet that cdvered the northern parts of Britain. The 
latter would consequently be able to flow out farther than 
before towards what is now the bed of the German Ocean, 
and hence the debris of the New Red Sandstone strata of the 
valley of the Tees and the Vale of York 'would be pushed 
farther eastward, and so give a colour to the moraine pro- 
/om?c that was forming over the Wolds. 

In like maimer during the accumulation of the Hessle 
houlcler-clay, which took place under a yet smaller ice-sheet, 
not only would the debris of tbe soft red Triassic rocks con- 
tinue to give a tone to the subglacial moraine stuff then 
forming, but the purple boulder-clay itself would here and 
there be highly denuded and its materials re-arranged and 
incorporated in the ne'wer formation. 

There are many other interesting topics which are siig- 


GLACIAL DEPOSITS OF ENGLAND, 


gestecl by the appearances presented by these boulder-clays 
of Yorkshire. I would specially point to the fact that as we 
trace the deposits northwards, the tri2:)le series, with its in- 
tercalated and separating accumulations of grayel, sand, &c., 
becomes less well marked, until when we get well into I^'orth- 
iimberland and Scotland we find only one marked deposit of 
till, with here and there underlying shingle and gravel, and 
only now and then some fragmentary portions of earlier 
boulder-clay making their appearance below the latest accu- 
mulations of that kind. In Holdemess, as we have seen, the 
great chalky till is much denuded under the purple clay, and 
eventually disappears altogether, the latter forming then the 
basement deposit. ISTorth of Flamborougii Head, — at Speeton, 
Filey, Scarborough, and Whitby — the boulder-clay every- 
where, according to Phillips, occurs in two layers, separated 
by gravels and sands or sands onty,* and these two boulder- 
clays, we can hardly doubt, are the representatives of the 
purple boulder-clay and Hessle clay of Holdemess. I have 
not traced the beds, however, into the district described by 
Phillips, and cannot therefore be certain that this is the case. 
I believe, however, that the Hessle boulder-clay is represented 
by the reddish clay with stones that occurs in the valley of 
the Tees near Croft. From this point as we trace it north it 
gradually loses its reddish colour, becoming grey, and tougher, 
and more thickly charged with stones and boulders, until we 
approach the region occupied by the Carboniferous strata, 
when it begins to assume a dull leaden grey or blue hue, and 
to pass erelong into one of the most strongly pronounced 
kinds of till that we find in Britain, as in the immediate 
vicinity of Durham. In this region there seems to be only 
one boulder-clay, although if the district were closely searched 
I have no doubt that traces of an older till would be met 
with. 

Now these appearances admit of a simple explanation. It 
will be noticed that the glacial series is most comj^lete in the 
districts that are farthest removed from the great centres of 
glaciation. The ice-sheet underneath which the great chalky 
boulder-clay accumulated seems gradually to have lost much 
of its erosive power as it crept south towards the valley of 

* Quart. Jour. GeoL Soc., vol. xxiv. p. 254 ; Geology of TorMMre, 
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tlie Thames. Tims we find that in Yorkshire the chalky till 
rests directly upon the Chalk ; but as we trace it southwards, 
certain underlying beds of sand and gravel begin to appear. 
These, however, are not continuous, being ever and anon 
abruptly cut out by the clay. But as the southern districts 
of East Anglia are approached, the beds in question assume 
a greater development, and the chalky till rests upon them 
continuously over considerable areas — ’the junction-line 
between the two being often wonderfully even. Similar 
appearances characterize the purple boulder-clay. The ice- 
sheet, underneath which that clay was formed, dug out and 
incorporated with its own subglaeial debris the ground- 
moraine of the preceding cold period. And the destruction 
of the latter was most complete in the north, where the ice 
was thickest and moving faster than in the region farther 
south. As the ice-sheet of the purple clay approached its 
termination, it was not only thinner but it also moved more 
slowly, and hence its erosive power was not so great. So 
in like manner when that ice-sheet had melted away, and when 
the last warm interglacial period had also come and gone, and 
the final ice-sheet descended from the north, the same more 
or less complete destruction befel the purple boulder-clay (or 
its representative) and the interglacial deposits in those dis- 
tricts which lay farthest to the north. As this last ice-sheet 
crept south it likewise lost in erosive power, and was often 
unable to do more 1;han roll its subglacial moraine over the 
surface of the older drifts. When we come to describe the 
American glacial deposits we shall meet with similar remark- 
able phenomena, and find that towards the termination 
reached by the latest ice-sheet of that region, the ice seems 
also to have over-ridden the older drifts without entirely 
destroying or re-arranging them. 

Elateau gravel . — Under this term Mr. Wood has described 
certain unfossiliferous gravels which cap some of the high 
grounds, and have an extensive spread in West Norfolk. 
They are composed chiefly of rolled flints, and appear to be 
younger than the great chalky boulder-clay. Similar thick 
beds of gravel occur on the chalk Wolds of Yorkshire, and 
seem to bear a like relation to the purple boulder-clay of that 
region. Is it not highly probable that these are related to 
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tlie clays in tlie same way that the drift gravels of Scotland 
are related to the till — that they were formed during the 
dissolution of the ice-sheets ? I have not seen the gravel-beds 
on the Wolds of Yorkshire, but as we follow the glacial 
deposits north of the Tees, we meet now and again with heaps 
and spreads of sand and gravel, resting either on rock or till, 
which are certainly the counterparts of the Scotch gravel-and- 
saiid or kanie series. It appears most probable that the 
coarse gravels that cover much of the low grounds in York- 
shire, and some of which even reach to considerable heights, 
were laid down during the retreat of the last ice-sheet. 
When that latest sheet was melting away, it is evident that 
the Yale of York would be abundantly swept by heavy floods, 
and this will go a long way to account for the fact, upon 
which Messrs. Wood and Rome insist so much, that the 
country on the west side of the Wold has been stript of its 
glacial deposits. From the nature of the ground, however, it 
is evident that the deposition of glacial drift on the western 
slopes of the Wold could never have been so great as that 
which took place on the lee-side. Till would accumulate to 
the south of the chalk escarpment, while little or none would 
be permitted to gather on the stosseite which was exposed to 
the full force of the ice flowing from the north and north- 
•west. 

Before concluding what I have to say about the glaciation 
of England, there is one important point to wdiich I would 
direct the special attention of geologists. According to my 
view of the origin of the English drifts, it ought to follow 
that the district lying to the north of a line drawn roughly 
from Chester to the Humber, should exhibit much stronger 
marks of glaciation than are to be met with in the midland 
and southern districts. Indeed so very long a time has 
elapsed since the disappearance of the great ice-sheet under- 
neath which the chalky boulder-clay was formed — so many 
climatic clianges have supervened since then, during which 
the northern area was more than once subjected to severe 
glaciation, while the central and southern districts experienced 
only subaerial denudation — that we should hardly expect to 
find in the latter districts either glacial strise or roches ono%^ 
tonnees. And this is, to a very large extent indeed, quite 
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true. . In tlie region referred to crags and escarpments are 
the rule, .wlierever the-, rocks are of .such' a nature and 
structure as to admit of their formation ; in short, the marks 
left bv the old ice-sheet, haTe been almost entirely obliterated, 
and the country has resumed what I may call its natural 
features — that surface-configuration, namely, which isxleter- 
mined by the yarying character .of the strata as they wea- 
ther and moulder away under the touch of the atmospheric 
agents. But no sooner do we enter upon the region to the 
north than all at once the long well-marked escaipments 
either disappear or are feebly represented, while the 
flowing outline so characteristic of a country over which land- 
ice has recently prevailed becomes strongly marked. 

This contrast between the surface features of the midland 
districts and those of the northern counties has not escaped 
the notice of my friend, Professor A. H. Green ; indeed it was 
he who some years ago first drew iiiy attention to it ; and 
since then I have had several good opportunities of studying 
the appearances referred to. Mr. Green wrote to me hi 1873 
follows : — I have been much struck since I have been 
working on the Lower Carboniferous rocks of this neighbour- 
hood [Cockermoiith], by the miserable character of their 
escarpments as compared with those of the corresponding 
rocks in the centre of England. In Derbyshire, North Stafford- 
shire, South Lancashire, and South Yorkshire, the escarp- 
ments are magnificent, — ^great craggy precipices of rock, up 
to 50 ft. in height, running in unbroken walls for miles, so 
that you could map the whole country by their aid alone, 
without seeing a single section. As you come northwards 
the escarpments grow more fragmentary, till here there is 
scarcely anything deserving the name of an escarpment to be 
seen,' — none at all on the low ground, and in exposed situa- 
tions only a few fitful and mostly feeble features. I have 
been quite staggered sometimes to find the junction of a sand- 
stone or limestone bed with underlying shales take place 
without any change whatever in the slope of the ground. I take 
the meaning of this to be that Iiere the escarpments, which must 
once have existed, have been planed clean away by the ice- 
sheet, and that it is only in the higher grounds, where sub- 
aerial denudation acts more energetically, that they are begin- 
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ning to be formed afresh. But I cannot understand how it 
comes to pass, if tlie centre of England had been smoothed 
down in the same way, that there has been time in that 
region for the subsequent formation of escarpments so much 
larger than those hereabouts — more especially as the rainfall 
is certainly greater here than farther south. Ergo I more 
than erer suspect that the ice-sheet newer spread much farther 
south than Leeds and Liverpool.'' The true explanation of 
the contrast in question, however, is I believe that which 
I have already given — ^namely that the northern districts 
have been not only more frequently, but also more recently 
subjected to glacial erosion than the midland counties. 

In bringing this short discussion of the English drift 
deposits to a close, I may briefly sum uj) what I take to be 
the general succession of events, so far as this is illustrated 
by the glacial accumulations. In the sequel we shall see 
that the history of these drifts necessarily involves that of 
certain ancient freshwater gravels in the midland and southern 
counties, which have yielded remains of extinct mammalia 
and relics of man ; but for the present these freshwater 
gravels must be left entirely out of account. 

1. The Forest Bed of Cromer Cliffs . — This ajopears to be 
the only undoubted relic of the old preglacial land-surface 
which has been preserved. Its organic remains indicate a 
climate somewhat like that of the present, and allow us to 
speculate upon the geograj)hical condition of our island in 
pregiacial times. The general character of the flora and 
fauna put it beyond doubt that a land-passage must have 
existed between Britain and the continent in preglacial ages, 
so as to allow of the immigration of the plants and animals 
whose remains occur under the glacial deposits of the Norfolk 
coast. The purely geological evidence points in the same 
direction. In Chapter XII. I have given some account of 
certain old preglacial water-courses which occur in Scotland, 
buried under considerable accumulations of drift materials. 
These channels evidently owe their origin to the action of 
rivers, which scooped them out at a time when the land stood, 
relatively to the sea, not much less than SOO ft. above its 
present level Similar buried river-channels are known to 
occur in England ; thus it has been ascertained by numerous 
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borings and excavations, connected ■ witli tlie docks at Hull 
and Grimsby, tliat tlie preglacial bed of tlie Humber lies 
buried under upwards of 100 ft. of drift aceiimulations. So 
also tlie preglacial bed of tlie Yare at Yarmoiitli is actually 
more tbaii 100 ft. below the jiresent sea-leveL The ancient 
liver-course, knomi to the miners of the Jdiirham coal-field 
as the '' Wasli,’^ has been traced underground for a distance 
of fourteen miles, from Durham to Newcastle, and its bed, 
‘wliere it enters the Tyne, is not less than 140 ft. below the 
sea-level. Indeed it must appear evident on reflection that 
all our rivers which enter the sea over a bottom of thick mud, 
silt, and sand, must at one time have flowed at a much lower 
level- — in other words it is clear that sinee the preglacial era 
there has been a very considerable loss of land. The time 
was when our rivers excavated their channels in older Ter- 
tiary, Secondary, and Pahnozoic strata. After that came the 
glacial period, when the old channels became choked up with 
drift, which at the lower levels of the land has not yet been 
cleared out, even in cases where the postglacial river-courses 
follow precisely in the track of the preglacial channels — the 
latter being buried of course at a considerable depth under 
the former. In the low-lying districts of Britain we may feel 
sure that when a river flows over a rocky bed, the latter can- 
not be of preglacial age, but has been hollowed out for the 
most part in postglacial times. 

The phenomena of such ancient river-courses clearly indi- 
cate therefore that the land now stands not less than about 
300 ft. below its preglacial level. The actual loss, however, 
is probably a good deal more than that. In my descri|)tion 
of the Scottish sea-lochs, it was incidentally stated that these 
occupy submerged land-valleys. This must be apparent to 
any one who has paid even the slightest attention to the phy- 
sical contour of the country. Elvers have flowed down these 
old drowned valleys in days long anterior to the glacial period. 
Indeed we know that some of them date back to an asfe as 
remote as that of the Old Eed Sandstone. Some geologists 
hold that the fiord-valleys have actually been excavated by 
glaciers — hut if so, such glaciers cannot possibly have 
belonged to the Ice Age of which these pages treat. I think 
it is highly probable that glaciers may have aided in the 
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erosion of tlie Highland glens and fiords at many difterent 
epochs in the past — but you must first have valleys before 
you can have valley-eroding glaciers. Streams and rivers, 
therefore, aided by frost, must have initiated the scooping 
out of the mountain-valleys ; and we have every reason to 
believe that all the fiord- valleys and glens of the Highlands 
had assumed very much their present appearance before the 
advent of the Ice Age. The erosion they experienced during 
that age, although absolutely great, was yet relatively incon- 
siderable. 

Is ow there are certain considerations which lead to the 
belief that in preglacial times the Highland fiords may have 
existed as dry valleys. In Lewis, as we have seen, there are 
two kinds of till or boulder-clay — one in which broken shells 
occur, and another which not only contains no shells, but is 
harder, sandier, and much less argillaceous. We may also 
remark that no broken shells have yet been detected in any 
portion of the ancient bottom till of Scotland. I have already 
given my reason for holding that most of the till or boulder- 
clay that now occupies the actual surface in Scotland belongs 
to the last cold period of the Ice Age ; and the advent of the 
final ice-sheet was preceded, as we have seen, by a consider- 
able submergence of the land, during Avhich species of arctic 
and northern shells lived in the Scottish seas. We have far- 
ther learned that the marine deposits containing these shells 
were j}loughed into by the latest ice-sheet, and confusedly 
intermingled with its ground-moraine. Eeflecting upon these 
facts one cannot help surmising that the reason why no 
broken shells occur in the bottom till of Lewis may be owing 
to the circumstance that in those early days the area occupied 
by the Minch was in the condition of dry land, so that when 
the ice streamed out of the mountain districts of Eoss-shire, 
there were neither marine glacial mud nor sea-shells for it to 
incorporate with its moraine. Of course I do not wish to lay 
too much stress upon this inference, but I suggest it in order 
that geologists may consider whether it may not throw some 
light on the conditions that obtained in Britain in preglacial 
and interglacial ages. It is worth noting in this connection 
that the great chalky boulder-clay has only at rarest intervals 
yielded shell-fragments, although the ice-sheet which formed 
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it must hare flowed partly over the bed of the North Sea. Yet 
the more recent boulder-clay which covers broad areas in 
Is orthumbeiiand and Durham contains broken shells, pretty 
widely disseminated through its mass in some places. Can it 
be possible that when the great ice-sheet, to which the chalky 
boulder-clay is due, crept into England, the British Islands 
formed part of a great continent, and that this is the reason 
why the chalky boulder-clay contains no fragmentary marine 
organisms, save such as may have been derived from some 
of the older drift deposits ? However that may be, we know 
that the latest ice-sheet which overflowed Scotland, did enter 
the sea and mix up marine deposits with its moraine. Thus it 
was that the silt and shells lying on the bed of the Minch were 
pushed up and over the north end of Lewis ; and so also was 
it that Caithness received the spoils of the Moray Firth. Now if 
in preglacial or early glacial times the Clinch had any existence, 
it does seem curious that we should not find some evidence 
of this in the bottom till of Lewis — for the ice which laid it 
down certainly overflowed the island from the south-east.'^ 

Upon the whole,- therefore, while we are quite sure that in 
preglacial ages, Britain stood higher relatively to the sea than 
at present, we yet cannot assert that this elevation was more 
than would suffice to join our islands to the continent. But 
so far as the evidence goes, it does seem most likely that what 
are now inland seas existed in preglacial times as dry land. 
In place of fiords the west of Scotland probably showed wild 
mountain-valleys, that opened out upon an undulating table- 
land above which rose the rugged heights of Harris and 
Lewis. At this time also it is highly probable that no Ger- 
man Ocean existed, and the English channel may also have 
been in the condition of dryland. We have therefore a pic- 
ture of old preglacial Britain forming part of the European 
continent, and supporting a vegetation similar to that which 

* TMs evidence, of course, is only negative, and it might easily he pointed out 
that while there is proof to show that immediately before the appearance of the 
last ice-sheet, Scotland was submerged to a depth of more than oOO feet, yet the 
upper boulder-clay of that country rarely contains broken shells, save in maritime 
districts. Why, we may ask, does not the upper boulder-clay of the central low- 
lands (a great proportion of which must have been submerged before the last ice- 
sheet overfiowed Scotland) contain broken shells, and afford other indications of 
the latest confluent glaciers having usurped the bed of the sea ? That is a very 
hard question to answer, and I fear we must wait some time yet for an adequate 
solution of the difficulty. 
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still eliaracterizes our land and the corresponding latitudes of 
Europe* At that distant date our mammalian fauna included 
maiiY species which are now extinct — among these were three 
of elephant, two of rhinoceros, the hippopotamus, two species 
of hear, a tiger, laUclens) the urns, the great 

Irish deer, and a number of other forms of deer* Associated 
with these animals were not a few species which still surTiwe, 
although some are now locally extinct, such as the wolf and 
the beaver, while others are yet indigenous, such as fox, roe 
deer, red deer, common mole, common shrew, and -water-rat. 
Our shores were then visited by the narwhal, the wmlrus, and 
the whale.' , 

2. FlMiio-mciHne Series. — The arctic plants found in these 
beds aftbrd evidence of the incoming of cold climatic condi- 
tions. It is clear also that the sea was gaining upon the 
land. 

3. Cromer Clay points to the near vicinity of a great ice- 
sheet which deployed upon the bed of the sea, and extruded 
there its morainic mud and stones. 

4. Contorted Drift indicates a recession of the ice-sheet, 
and the presence of a sea in which icebergs floated and 
grounded. 

0 . Sand and Rolled Gravel. — As these deposits rest often 
in hollow^s eroded in the till and underlying beds, it follows 
that a period of considerable denudation must have preceded 
their deposition. It is quite possible that a land-surface may 
have existed p>rior to the formation of the sand and rolled 
gravel,” and much of the sand and gravel, which is for the 
most part unfossiliferous, may be of torrential or fliiviatile 
origin. But since marine shells make their appearance here 
and there, it is inferred that the sea covered wide areas in 
eastern England during the accumulation of the beds in 
question. Climate temperate. 

6. Great Cholky Boulder-day of East Aoiglia, and Un- 

fossiliferous. Bottom Till of Cheshire, <&c. — Severe glacial con- 
ditions obtained during the formation of this deposit. The 
ice-sheet extended south as far as the heights overlooking 
the north bank of the Thames, and was continuous with that 
which covered all the midland and westeim districts of 
the country. The confluent glaciers deriving from the lake 
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district united with tte ice from Scotland, and flowed soiitli 
OTer tlie bed of tbe Irish Sea, after which they were forced to 
encroach upon the low grounds of Lancashire and CliesHre, 
and eYentnally to sweep south by the Severn Talley into 
the Bristol Channel. 

7. Wortlievn Brift vnth Erratics. — ^Tlie coarse gravel and 
debris with erratics which cover wide areas in the midland 
and southern counties, are probably of much tlie same age 
as the chalky boulder-clay of East Anglia. They point to the 
dissolution of the ice-sheet, and the consequent deposition of 
more or less tumultuous heaps and spreads of stones and 
shingle, with ‘which erratics were necessarily associated. 
Sometimes this drift is found resting upon boulder-cla}^, 
but frequently the latter is absent, having probably been 
denuded. 

8. Beds above ike Chalky Boiilder-cla.y. — ^Tliese are unfos- 
siliferous and are most likely of freshwater origin. Indeed 
they may belong to the same period as the gravel of the 

northern drift.’' Before their deposition the chalky boulder- 
clay bad been greatly denuded. 

9. Bridlington Crag'' Beds clearly indicate very cold 
climatic conditions, and a certain degree of submergence of 
the land. 

10. Purple Clay of Yorkshire^ Loiver Boulder-day of Lan- 
cashire, Cheshire, Sc, — Advance of an ice-sheet which reached 
as far south at least as Lincolnshire in the east, and the 
valley of the Severn in the -west.* 

11. Hessle Gravel, Middle Sands, Sc,, of Lancashire, Sc., and 
probably also some portion of the loose surface-gravels with 
erratics in midland districts. Disappearance of the ice-sheet, 
climate mild. Several pachyderms and carnivores lived in 
Yorkshire at this time. These terrestrial conditions w’^ere 
followed by submergence — the land sinking in Wales for 
1,300 ft. — and a subsequent re-elevation. 

12. Hessle Boulder-clay, Upper Boidder-clay of Lanca- 
shire, ClmJdre, Sc, — Latest advance of the ice-sheet. 

* It is not nnlikety that some of the so-called great ckalky till,” in regions 
further south than are reached by the purple clay, may really be of the age of 
the latter. As the ice -sheet of the purple clay flowed southward over the Chalk, 
the purple colour of the clay would eventually disappear. 
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Thus from the time of the preglacial forest-bed of Norfolk 
down to the latest advance of the glaciers, "we seem to have 
evidence of several great oscillations of climate, w^hich might 


be tabulated thus : — - 

Preglaciiti miM period . 

Firk giacial period ' . . - , 

Frr^ft udcrplamtl m iM period 
Second glacial period . 

Second interglaeial mild per iod 
Third glacial period 
Third and last interglaeial m ild period 
Lasfc glacial period 


, Forest-bed, &C. 

. Cromer clay and contorted beds. 

. Sand and rolled gravel above Cromer clay. 
, Great chalky boulder-clay, &c. 

/ Beds between great chalky bouldcr- 

• I clay and purple clay. 

/ Purple clay; low-er boulder-clay of Lan- 

• \ cashire, See. 

J Hessle gravel ; middle sands, &c., of 

• ( Lancashire. 

f Hessle cla^^ ; upper boulder-clay of 

• \ Lancashire, 


It will now be seen why I object to the nomenclature 
adopted by Mr. S. Y. AYood. The Hessle boulder- clay in his 
classification becomes “ early postglacial/’ although the evi- 
dence shows that during its accumulation England was passing 
through severe glacial conditions — conditions which were not 
so severe, however, as those •which gave rise to the formation 
of the preceding purple boulder-clay of Y’orkshire. Holding 
the views that are stated above it seems to me that the term 
postglacial is misleading, and I would therefore suggest the 
following modification of Mr. Wood’s nomenclature : — 

PSEGLAGIAL : — 

a Forest-bed of Norfolk. 

Eaely Glacial : — 

b Cromer clay and contorted drift. 

Mid-glacial : — 

c Sand and gravel beds of East Anglia = Mr. S..V. Wood’s ** middle 
glacial.” 

d Great chalky boulder-clay ; bottom unfossiliferous till of north-west ; 
“northern drift.” 

e Sand, gravel, and clay, with shell-beds of Bridlington and Dimlington. 
/ Purple boulder-clay of Yorkshire ; lower shelly boulder-clay of north- 
west. 

Late Glacial : — 

g Hessle gravel and Cyrena beds ; middle sands of north-west. 
h Hessle boulder-clay; upper shelly boulder-clay of north-w^est.* 

^ It would be useful to have some short names to distinguish the various 
members of the drift mentioned in this table. Thus we might have one name to 
include the purple boulder-clay of Yorkshire and the lower shelly boulder-clay of 
Lancashire ; one also to embrace the Hessle boulder-clay and the upper shelly 
boulder-clay of the north-w’est ; and so on with the other suh-divisions. The beds 
marked b might be termed simply Cromer drift ; <?, East Anglian sands, or some 
such name d, bottom till, ot main till ; e, Eridlingion beds, or Eimlmgton beds—" 
the latter being preferable ; f, middle till ; g, JTessle, or Zancashire, beds ; h, upper 
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GI.ACIAL DEPOSITS OF IRELAKB. — POSTGLACIAL BEDS OF 
ENGLAND AND IRELAND. 


Unfossiliferous till. — Morainic debris. — Lower boulder-clay.— Interglacial marine 
sands, <S:c. — ^Tipper boulder-clay. — Eskers. — Higb-level marine terraces. — 
Summary. — ^Postglacial deposits of England and Ireland. 

"1^0 part of tlie British Islands exhibits better than the wilder 
parts of Ireland the extreme effects of glaciation. In 
the rugged western districts of Galway and Mayo especially, 
rounded and well-rubbed rocks and heaps of glacial deposits 
occur eveiywhere. The striin upon the rocks, and the direc- 
tion in which the till has travelled, mark out clearly the path 
taken by the great sheet of ice which wrapped up Ireland even 
as it enveloped Scotland. 

The oldest glacial deposit recognised by the Irish geologists 
is a tough stony clay similar in all respects to the Scottish 
till. This is the chief drift of the central plain of Ireland, 
It usually lies upon a smoothed and striated surface of rock, 
and the stones which it contains are more or less blunted and 
well glaciated. Occasionally it contains nests or lenticular 
beds of sand and gravel, and sometimes of fine laminated clay. 
Not infrequently the deposit is arranged in a series of broad 
parallel ridges and banks, the trend of w^hich has been ascer- 
tained to coincide precisely with the direction taken by the 
old ice-flows 

Morainic debris occurs in great abundance in the hilly 
tracts, covering the slopes and bottoms of the valleys, in the 

♦ See tMs beautifully shown upon the map accompanying a paper On the General 
Glmiation qf Jar-Connmight and its neighbourhood, &c., by Messrs. Kinahan and 
M. H. Close. For detailed infonnation on the Irish glacial deposits, the reader 
must consult the publications of the Geological Surrey, and papers by Messrs. 
Kinahan and Close in the Xiuhlin Qtmrterhj Jottrnal of Science, in which he will 
find references to other authorities on the subject. 
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lower readies of wliicli it ajipears frequently to graduate into 
coarse grayels. 

Ill tlie nortli-easteni districts of Ireland it is interesting to 
find a series of grayel and sand beds resting upon and covered 
by stony claj."^ These intercalated beds contain a number of 
sea-sliells belonging, for the most part, to species novr living, 
but indicating somewliat colder conditions than obtain at 
present in the neighbouring seas. Professor Hull believes 
these beds to be the equivalents of the middle sand and gravel 
series of the north-ivest of England, He also correlates with 
the same beds certain gravels at Wexford, described by Pro- 
fessor Harkness as undeiijing a mass of boulder-clay. But 
an examination of the fossils by Mr. A. Bell,t seems to show 
that this latter correlation cannot be maintained, but that the 
Wexford beds belong most likely to some part of the older 
glacial series of East Anglia, as defined by Mr. Wood and his 
associates. + With regard to the drifts of the northern and 
central districts, how’ever, there can be no doubt that we have 
the Lancashire type very 'ivell displayed. Mr. E. T. Hardman 
has recently described § a number of sections where the triple 
series is admirably showm. This arrangement holds good all 
through the counties of Tyrone, Armagh, and in such parts 
of Derry as Mr. Hardman is acquainted wuth, and he thinks 
that '‘the drift of the more central j)arts of Ireland, especially 
that of the Queen’s County, Caiio’w, and Kilkenny, is equally 
susceptible of a tripartite arrangement.” The section of the 
drift deposits in Dublin county, cited by Professor Hull, also 
affords clear proof that tivo boulder-clays separated by inter- 
vening marine gravels are characteristic of the drift in that 
neighbourhood. The annexed section has been kindly sent 
to me by Professor Hull. It shows how the three members 
of the drift have been deposited on an inclined bank of lime- 
stone and subsequently denuded. 

The great elongated ridges of gravel called eskers, and the 

* Professor Harkness, Geological Magazine, yoL vi., p. 542 ; Professor Hull, op. 
cit. Yol. Yiii., p. 294. 

t Geological Magazine^ vol. x., p. 447. 

X I would not myself lay much weight in this case upon the palseontological 
eTidence, hut it is difficult to beliere that the last ice-sheet advanced so far south 
as Wexford. And as the prohahilities; are against it having done so, I think 
the geological evidence, so far as it goes, supports th.e palseontological. 

§ Jour, Hog. Geol, Boe. of Ireland, toI. iv. (new series), p. 73. 
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widespread deposits of si- 
milar materials wliicli are 
met, witli so„„ abimdantly, 
especially in tlie, central 
. .parts of Ireland, liawe long 
% been 'famous. Tbey are re- 
t. ■ markable for being fre- 
^ quently dotted oTer w.ith 
^ large erratic blocks. Tlie 
o S ^'^rigin of tlie eskers lias 
sg ' long been a ‘debated qiies- 
tion. Tliere can be little 
* 'j-3 doubt, liowcTer, that they 
s IS ba-ve been formed in tlie 

,”5 (U * • 

U ^ J 2 same way as tlie grayel 
5 eS ''ll ridges of the Scottish Low- 
^ jel . binds, and the tsar of 

J I Sweden (seep. 407). Like 

^ these the eskers are also 

J imfossiliferoiis. Mr. Kina- 

3 § p 1 i 2 2 ban strongly upholds their 
1? 1 1 ^ 1 'I ^ marine origin. I was for- 
,J I g 1 1 1 V nieiiy of the same opinion, 
J but having since seen rea- 

i son for believing that the 

® ^cccr. 4 '>' sea has had no share in 
j£ the formation of the Scotch 

S i o ridges, %Yhich are in 

V §3 ^ the same category as the 
^ 3 ^ Irish eskers, I now look 
t "I upon the latter as having 
S M a . been heaped up principally 
ri ^ J I by the action nf siibglacial 
p ® I waters ..during the .final 
3 S melting of the confluent ■ 
< p chT glaciers. 

On the sea-coast and ill 
the interior of the country, 
sand-hills are very fre- 
quently found heaped up 
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at or near tlie moiitlis of valleys. In tlie neiglibourliood of 
tlie sea they form, undulating dunes, wliich are continually 
being influenced by tlie winds. Mr. Kinaban was, I believe, 
tlie first to point out tbeir connection witli the valleys. He 
tells us that they not only occur at or near the mouths of the 
valleys, but the greater and more extensive the valley, the 
greater, he says, is the accumulation of sand. He considers 
that the sand of which these hummocks consist was origin- 
ally liroiight down by rivers at a time when glaciers occupied 
tlie ^'alleys ^ — an inference which is strongly supported by 
the a,|)pearance of similar phenomena in Scotland. The same 
author has described the occurrence under the till in Ireland 
of what lie calls pregkcial drift/' which occasionally con- 
tains the remains of trees, f 

Gravel beds with marine shells have been traced in Ireland 
up to a height of 1,235 ft. on Montpelier Hill. J 

The general succession of events during the glacial epoch 
would seem therefore to be closely analogous to those experi- 
enced in the north-west of England — yiz. : 

1st. A period of intense arctic cold, during which the 
whole island was wrapped in ice that coalesced with the oners 
de glace oi England and Scotland. Underneath this ice the 
land was highly glaciated, and the till ivas formed. The 
Wexford beds may indicate a genial interglacial period, like 
that of the first interglacial period of East Anglia. 

2 lid. The slirinking back of the ice-sheet, and the strand- 
ing of erratics and dejiGsition of coarse moraine-matter. 

3rd. Submergence of the land ; deposition of the middle 
sands and gravels of the central and northern districts, and 
formation of the high-level marine terraces ; climate tempe- 
rate. 

4tli. Return of ai'ctie conditions of climate, accompanied 
probably by re -elevation of the land ; re-advaiice of the ice- 
sheet, which ploughed up the middle sands and gravels to a 
great extent and incorporated their debris with its bottom- 
moraine; climate temperate; deposition of upper boulder-clay. 

5 til. Melting of the ice-sheet; stranding of blocs peoHiis, 

* Geohgicai Maffazme-j Yol. Yin. 1 * 55 . 

f DnUin Quarter!^ Jotmtal of Soieneef Tol. vi. ji, 24iQ. 

+ Msplanatmi of Sheets 102 and 1 12 {(Geological Surveg Maps), p, 67. 
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and dejjosition of coarse morainic debris in mountain- valleys ; 
scattering of erratics over the loiv OTOimds from the terminal 

O . O 

front of the melting -ice, formation of the^ eskers and much 
of the “limestone gravel,” of the centre of Ireland, and of 
the sand-hills opposite the mouths of liill-valleys. 

The postglacial alluvial deposits of Ireland and the north 
of England, have yielded similar results, to those of Scotland. 
In Lancashire and Cheshire, for example, where large areas are 
covered by the upper boukler-clay, the postglacial accumula- 
tions which overlie the former never yield pakeolitliic* imple- 
ments nor any of ' the old pachyderms and , carnivores with 
which, as we shall presently see, paheolithic man waas con- 
temporary. The oldest human relics met with in that district 
are of neolithic age. An excellent account of the postglacial 
deposits of western Lancashii’e and Cheshire has been given 
by Mr. C. E. De Ranee, t from whose paper I cpiote the fol- 
lowing section : — 

Feet. 


1. Bitfdma^ientacitMa • • - — 

2. Peat. Tills bed occasionally appears to baye formed a cultivated surface 

before the deposition of the sand .... ... 1 

3. Tdlina-haUhica sand, -until seams of bluish clay. This is apparently 

the seam in -whicli IMr. Ecroyd Smith has recorded the presence of 
Saxon and Eoman coins 2 

4. Peat. The representative of the thick peat of Lancashire and 

Cheshire 3 

5. Bluish-grey clay, the upper portion of freshwater origin ... 3 

„ „ ,, the lower portion marine, and containing 1 

6. Peat, with a few stumps of trees with their roots in boulder-clay . 1|- 

7. Boulder-clay. Prom half- tide to the lowest water-mark. 


Mr. De Ranee correlates the historical periods with the 
geological deposits as follows 


Eeeent to Xorman conquest 
Banes and Saxons . 

Saxons . 

Saxons and Bomans 
Bomans and Celts . 

Celts y . 

E'eoHthic- weapons racej 
bso trace of man 


Sand dimes. 
B.-tentaculata sand. 
Peat and made earth. 
Tell-halthica sand. 

Main 2^eat. 

„ „ iotaer ^Joriion. 

Zoiver kiic siii. 

Lowest peat. 


If now we glance at the postglacial deposits which overlie 
the youngest boulder-clay of the north-east of England, we 


* For some account of paleolithic and neolithic implements, &c., see Chapter 

XXXTxi. 

r Quart. Jour. Geol. Soc.j 1871, p. 65d. 

I In Mr. Be Bance’s paper, Palmolitbie” appears here by a slip of the pen. 
The relies, he tells me, are xmquestionably neolithie. 
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find a similar aljsence of paloaolitliic imj)Iements and no trace 
of tlie extinct pacliyderms and carnivores. Tlie accumulations 
of later date tlian tie Hessle boulder-clay comprise lacustrine 
marls witli Cyclas, gravel and sand, laminated clays, and peat 
with remains of oxen, deer, &e. Tie postglacial beds of Ire- 
land tell the same tale, and all that heed be remarked about 
them, therefore, is simply this, that they indicate a gradual 
amelioration of climate from cold-temperate to the present 
temperate conditions. The land animals obtained in or below 
peat-mosses, &c., comprise the brown bear, the grisly bear, the 
Irish elk, the bison, bovidse of extinct species, horse, wolf, 
fox, beaver, hare, &c. And, just as in Scotland, the polished 
stone implements used hy primeval tribes are everywhere 
scattered about both in England and Ireland — the latter 
country being especially rich in these interesting memorials of 
our lowly civilised predecessors.'^' 

* I discuss tbe age of the ancient river-gravels -with human implements and 
mammalian remains met with in south of England, in Chapter xxxvii,, et sqq. 
The postglacial deposits referred to a'bove are those which can he clearlj" shown 
to he of that age from their superposition upon accnmnlations belonging to the 
close of the glacial epoch. As the ancient river-gravels in the south do not occup}- 
this position, their age cannot be ascertained in so simple a manner ; and, there- 
fore, it is more convenient to treat of them separately. 



CHAPTER XXXII. 


GLACI-VL DEPOSITS OF SCANDINAVIA. 

Extensive glaciation of mountainous and norlliem regions throughout the northern 
hemisphere. — Glaciation of Norway, Sweden, and Finland.' — Lower and ^pper 
till of Sweden. — ^Interglacial freshwater deposits. — -Till of Norway. — Asar. 
— Ei-ratics on iisar.— Clays with marine arctic shells.-— Contorted bedding, 
(S:c. — Postglacial deposits with Baltic shells, — i^loraines. — Succession of 
changes. — Southern limits of glaciation in northern Europe. — The great 
northern drift.” — ^Theoriesof the origin of the dsar. — Sunimary. — Peat-mosses 
and huried forests of Norwajv 

I F the British Islands, -which are now in the enjoyment of a 
mikl-temperate climate, have beyond doubt experienced 
in ages that are past the utmost sererity of arctic and glacial 
conditions, it would only be reasonable to infer that other 
regions of the northern hemisphere should give evidence of 
having likewise been at the same time characterized by a 
rigorous climate. It is, d priori, in the highest degree impro- 
bable that a great ice-slieet should have enveloped a large 
part of our country, while other areas situate in similar or 
nearly similar, latitudes escaped. On the contrary, the ob- 
server who knew nothing whatever of the geological records 
of any country save his own would he justified in believing 
that the evidence gathered in Britain alone is enough to con- 
vince one that during the intense cold of the glacial epoch 
the temperature of the whole northern hemisphere must have 
been similarly affected. Geological investigations have clearly 
shown that such was really the case. 

In Scandinavia and northern Europe generally the evidence 
in favour of arctic conditions having formerly prevailed is 
overwhelming. So likewise in Switzerland the proofs of this 
are everywhere patent. But not only were the snoW“fields 
and glaciers niucli larger at one time than now — they even 
existed in some mountain districts -whicli at present lie far 
below the limits of perpetual snow. In the Northern Apen- 
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nines and tlie Apuan Alps are found tlie moraines of extinct 
glaciers wMcli must Iiaye attained a considerable size.'^ 
Again, there are distinct traces of glacial action at the foot of 
Moryan, a hill on the confines of the Department of Tonne ; 
nay, there is even, according to M, Collomb, evidence of a 
glacier having moved in the direction of the valley of the 
Seine, before that valley had come into existence. In the 
Black Forest, the Vosges, f and the volcanic mountains of 
Auvergne, v'e find ancient moraines ; and similar relics of old 
ice-action have been noted in the valleys of the Cevennes and 
the hills of Loxere: The Pyrenees, whose puny glaciers are 
confined to the higher mountain-slopes, and do not now 
descend into the valleys, + ajppear at one time to have been 
covered with great snow-fields, from which large glaciers 
streamed outwards, and even in some cases debouched upon 
the plains. Old moraines now covered with vegetation, and 
Toclies moutonnees rising behind quiet villages, and occasion- 
ally crowned with some church or chapel, are familiar scenes 
in many of the valleys on the French side of the mountains. 
Along their southern slopes similar traces of ancient glacial 
action have been observed, especially in Galicia, by the late 
Casiano de Prado. Farther south, in the Sierra Guadarrama,§ 
to the north of Madrid, the same geologist has detected evi- 
dent marks of old glaciers, and described great deposits of 
loam, sand, and gravel wliich have been laid down by rivers 
escaping from masses of melting ice. Nay, even as far south 
as latitude 37^ the former existence of glaciers in the Sierra 
Nevada has been proved by the researches of MM. Schimper 
and Collomb ; and so on with most, or perhaps all, the billier 
regions in Europe, great snow-fields existed where now there 
are none, and the present ones are merely the insignificant 
successors of mighty ice-sheets which have long since melted 
away. 

• Stefani: BolUUno del M. Comitato geologieo d' Italia^ 1874. 

t An excellent account of tlie old glaciers of the Vosges is given in Hogard’s 
Coup d"* * * § (Mil mt U Terrain erratiques des Vosges, 1851 ; see also an interesting paper 
on tlie same subject by M. Gb. G-rad, Bulletin de la Sociitd giologique de France, 
Tom. i. (3 serie) p. 88. Professor Kamsay was the first to detect traces of glacial 
action in tbe Black Forest. 

X Glaciers actuel et Periode glaciaire ” (Martins), Bevue de deux Mondes, 1867 
and 1875. ' ' 

§ Besmpcion fmea i gmUgim de la Brovinoia de Madrid (Bon Casiano de 
Prado), p. 164. 
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As -we pass out of Europe we are met witli tlie eTidence of 
similar cliaiiges. ' According to Mr. Palgrave the mountains 
in the provinces of Trebkond' and Erzeroiim have at one time 
nourished very large glaciers, which have left their moraines 
in the valley of the Chorok — a district whieh is certainly very 
far from being glacial noAv.^ The valleys of the Caucasus 
have also brimmed Arith ice;t the present glaciers are com- 
paratively small Traces of glacial action have been noticed 
among the Atlas mountains, J and the cedars of Lebanon, as 
Dr. Hooker I tells us, groAv upon old moraines. The great 
glaciers of the Himalaya have in past times attained gigantic 
proportions, 11 and in j)arts of Asia AA'here there are noAAyiio 
glaciers at all, one may yet readily trace the marks of their 
former action. Thus in North China huge hoiilders are found 
scattered oa- er the valleys, often at considerable distances from 
the mountains;^ nor are rock-basins AAmnting, especially in 
that rough undulating country AAdiich is passed through on 
the route from the Great Wall to the Siberian frontier. 

* Katiire^ toI. t. p. 444 ; toI. ti. p. 536. 

t Tra'eeU in the Central Gaifeasus and Bashan p)ongIas W. Freshfield). 

J A Journeif to Morocco and the Ascent of the Great Atlas (Gf. Maw), p. 19. 

§ Xatirral Kisfor>/ BeAeiv, 

i| Of tlie Sind valle.}’ Mr. Drew (Jummoo mid Kashmir Territories^^. 220) sa 3 ’'s: 
“ i'lie whole valley from Haro (and perhaps from lower still) upwards to the 
source of the Sind Eiver (south-east from ^ the Bras Pass) was filled with ice, 
maldng a glacier forty miles in length. This is not much greater than glaciers 
we shall come to in Baltistan, hut it contrasts strongly with the small glaciers 
remaining at high levels in the holio'ws of these mountains. Of these small 
separated glaciers there are still over thirty in the basin of this river.” See also 
pp. 282, 327, 372. The same author shows that ice must at one time have filled 
the valley of the Hubra Eiver at Charasa to a depth of 4,000 or 4,500 feet. With 
such a tMclmess of ieo at this point, he believes the glacier ‘‘ must have reached 
to the Bhaj'ok valley, and there probably joined with other ice masses, and it 
have extended far away down,” p. 278. Nubra Eiver drains from the Karakoram 
mountains, and from the summit ridge of the Karakoram to the jimction of the 
Kubra Eiver with the Shayok is upwards of seventy miles. At present the main 
glacier at the head of the Kubra valley is only some twenty miles long, and the 
largest glacier in Baltistan (Karakoram) hardly exceeds thirty-five miles in 
length. 

II See Williamson’s Joimmjs in Korth China. Describing the country' between 
Si-gnan and Toong-kwan (Shensi) the author says : — “ For many miles the country 
was like one continued splendid park, with knolls and la^vns and winding paths, 
leading round some huge fantastic boulder, which had descended Aom the moun- 
tains which lay contiguous on the south,” voL i. p. 387. xlgain : We found the 
country (north-east comer of Shang-Tung) strewn wdth huge boulders of various 
sizes, looking like so many cattle at rest with elephants around them,” op. ciL 
p. 189. Bee also pp- 429, 430, where the author desciibes conical Mils and 
ridges crowned with huge boulders. These were probably roehes moutomimj 
or moraines. 

In ail these Instances the depressions are entirely in the solid rock, and 
vary in size from a few yards to several thousand feet across. They have the 
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In North America the evidence in favour of intense glacial 
conditions having formerly prevailed is overwhelming. From 
the shores of British Columbia^ to the borders of the Atlantic 
and from the coasts of the Arctic Ocean down to the latitude 
of New York, ice-marks are everywhere ; while in mountain 
regions even farther south, as in the Sierra Nevada f of Cali- 
fornia, the morainic debris of great glaciers lies scattered over 
the lower reaches of the valleys. 

Having assured ourselves that a glacial or arctic climate 
did within comparatively recent times characterize a very 
large area of the northern hemisphere, it becomes a matter of 
no little interest and importance to inquire whether we can 
detect in foreign glacial deposits any proofs of that remarkable 
succession of changes which, as we have seen, may be traced 
in the drifts of our own country. With this view, I propose 
to give a short sketch of the glacial phenomena of the better- 
known regions — viz., Scandinavia, Switzerland, Italy and 
North America. 

I have already had occasion to mention the great ice-sheet 
that enveloped Scandinavia, and to point out that it in all pro- 
bability coalesced with that of Scotland upon the floor of the 
German Ocean. No grander display of ice-action could one 
wish to see than that which the fiords and fiord- valleys of 
Norway present. The smoothed and mammillated mountain- 
slopes, the rounded islets that peer above the level of the sea 
like the backs of great wdiales, the glistening and highly- 
polished faces of rock that sweep right down into deep water, 
the great perched blocks, ranged like sentinels on jutting 
points and ledges, the huge mounds of morainic debris at the 
heads of the valleys, and the wild disorder of crags and 
boulders scattered over the former paths of the glaciers, com- 

appearance of fiaving 1)6011 produced by erosion, and not by sinking.’^ Bicliard 
Pumpelly, Geological Eesearches in OMna, Mongolia, and Japan,” Smithsonian 
Oontrihutions, 1866. 

^ Quarterhj Journal of the Geological Society (Bauerman), 1860 , p. 202 ; seo also 
American Journal of Science^ toL c. (1870), p. 318, where Dr. B. Brown shows that 
British Columbia, Vancouver’s Island, 'Washington Territory, and the Queen 
Charlotte Islands, all exhibit fine rock-striations and scattered erratic blocks. 
Some American geologists had previously held the opinion that the glacial for- 
mation disappeared west of the Bocky Mountains. 

t For a lively account of that region, see Clarence King’s Moimtaineering in the 
Nevada^ Some suggestive notes on the glaciers of the Sierra Kevada by Mr* John 
Muir, of Oakland, California, ^ill be found in the Jroc. of the Amer* A$soo. for th- 
AdvanoOi of Science^ 
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bine to make a picture wMcli no after amount of sigiit-seeing 
is likely to cause a geologist to forget. Tlie whole country 
has been moulded and rubbed and polished by one immense 
sheet of ice, which could hardly have been less than 6,000 
ft. or eren 7,000 ft. thick. 

The Gulf of Bothnia aj)pears to have brimmed with ice, 
which pressed up against and even in some 2 }laces overflowed 
the lofty Norwegian frontier, through the valleys of which it 
found its way into the North Sea.t Mr. Tornebohiii, of the 
Geological Survey of Sweden, informs me that the glacier- 
carried erratics of Jemtland clearly show that the ice has 
passed from east to west — that is, right against the slope of 
the land ; and, according to Keilhau, similar blocks which 
could only have come from Sweden are now found in Trond- 
hjems-fiord. The most remarkable circumstance in connection 
with some of these blocks consists in the fact that they occur 
at a considerably greater height than the rock from which 
they have been derived. Thus at Areskiitan, Tornebolim 
found blocks at a height of 4,500 ft. which could not pos- 
sibly have come from any place higher than 1,800 ft. 

How far south the Scandinavian ice-sheet extended we 
cannot tell. We know that it not only filled the Gulf of 
Bothnia, but occupied the whole area of the Baltic Sea, over- 
flowing the Aland Isles, Gottland, Olaiid, Bornholm, and 
Denmark, and passing south-east over Finland into Russia, 
across Lake Onega, Lake Ladoga, and the Gulf of Finland. J 
[See map.] But its farthest limits have not been determined, 
and that for a very good reason, as we shall see presently. 
The direction of the glaciation in the extreme north of Scan- 
dinavia, the peninsula of Kola, and north-eastern Finland, 
demonstrates that the great mer de glace radiated outwards 
from the high grounds of Norw^ay and Sw^eden, flowing north 

* Mr. Amund Helland in liis paper “Om Mfegtiglieden af Braserne i Horge 
under Istiden,*’ (On the thiclvuess of the glacier-ice in Korway dnring the giaeiai 
epoch), Cfeokffislm FUremn^em i Stoehholm F6r}imiilingm\ 1874, Band II., No. 6, 
states that the height reached by the ice-scratches in the Sognefjord indicates a 
thickness of from 1,700 to 1,800 metres; in Hardangerfjord of 1,200 metres. 
These, of course, are minimum thicknesses. 

t See Horhye’a Observations stir Us Fhmamenes d^Frosion en *where the 

strii© are indicated as crossing the watershed between the two countries. 

J Brofessor Nordenskjold, Feitrag ztir Kentniss der Schrammen in Finland^ 
Helsingfors, 1863 ; for direction of Norwegian glaciation, see Horbye^s work, 
op, dt; for that of Sweden, consult the maps of the Geological Suryey of that 
country. 
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and north-east into the Arctic Ocean and east into the White 
Sea, and thus clearly proving that northern Europe was not 
overflowed by a vast ice-cap cree23ing outwards from the North 
Pole, as some geologists have supposed.* 

The oldest of all the glacial deposits of Sweden is till, 
which, in a more or less continuous sheet, covers all the low 
grounds. It usually lies upon a polished and striated surface 
of rock, but occasionally thick beds of sand come between it 
and the underlying rock. It '^consists of two distinct layers, t 
the lower of which is general^ darker in colour, and contains 
fewer big stones than the upper. Both, however, have evi- 
dently been formed in the same way, and may be considered 



true moraines de fond. There is usually a sharp line of 
demarcation between them, and in some places the lower till 
has been partly broken up and denuded before the upper till 
was deposited.” $ The Swedish geologists have no doubt 
whatever that these masses and sheets of till were formed 
and accumulated by land-ice, exactly in the same way as our 
OTO till. Moreover, the fact that their lower till exhibits 
such marked evidence of demidation underneath the upper 
and overlying mass, seems to point out,” says Tornebohm, 
** that during the glacial epoch there was a great interval of 

• Of course I do not deny that the Polar lands to the north of Europe were 
encased in ice during the climax of glacial cold, but I can see no evidence what- 
ever that any European land was ever impinged upon by polar ice, much less 
oversowed by it. All the glacial phenomena of the British Islands and Scandi- 
navia can be quite well accounted for by such confluent glaciers as we know 
covered these coimtries. ^ The direction of the glaciation and of the transport of 
boulders and drift put this beyond reasonable doubt. 

t In central Sweden three kinds of till are distinguished by Mr. Otto 
Gum^lius, the lower of which he thinks was formed when the ice-sheet was 
advancing, while the two upper ones were deposited during its retreat. Om 
mellersta Sveriges glaciala Bildningar,^ K. Svenska Vet.-Akad. Handlingar, 1874. 

J Mr. Tornebohm, in a letter to the author. See On Changes of Climate 
during the Glacial Bpoch, p. 24. He says : “ The till is often so hard and packed 
that it is easier to break the stones that are in it than to dislodge them.'' 
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comparatively mild climate, cliirin.g ivliicli tlie. ice, retreated to 
tlie moiiEtains ; tlie land, however, was not at this time sub- 
merged. When the ice-sheet once more overspread the 
country it would obliterate any freshwater deposits that 
might have been laid down in the interval.” Traces of 
glacial freshwater beds, however, are not wanting — llr. 
Nathorst having detected these some j^ears ago in Scania, 
The beds referred to contain plants which, according to Mr. 
Nathorst, indicate a climate as severe as that of northern 
Norway. The same geologist gives the following table as 
embodying the results of his investigatioBS into the glacial 
and interglacial deposits of Sweden and Denmark : — 


r mth 

Post-glacial J 

TOaSTATIOlTS j 

I witli 

Glacial Period . . . . 
Ijiterglacial I Ciat/ with 
Glacial Period . . . . 


Quercus sessiliflora, Q,. rohur. 

Pinus sylTestris. 

PopDlus tremnla, Betula Dana. 

Betula nana, Salix herhaeea, S. reticulata, Dxyas 
octopetala, Cytheridea torosa, Limnea limosa, 
Pisidium, Anodoiita, Salix polaris. 

Glacial Deposits, DouMer-chy. 

Salix polaris, Dryas octopetala, Limnea limosa, 
Pisidium, Anodonta, Cytlieridea torosa. 

Glacial Deposits, Dotildcr clay.* 


Mr. Holmstrom has also described similar deposits as 
occurring at Klagerup, in Scania, in the following descending 
series : — 


Tellow till with scratched stones. 

Brown sand and yellow glacial freshwater clay. 
Grey marly sand. 

Blue glacial freshwater clay. 

Blue till with scratched stones. 


The j&eshwater clays have yielded — 1st. (Shells) Pisidimii 
fiilchellum (Sm.,) ; P. obtusa (Pfeiff) ; P. Eemlowimium 
(Jen.); Anadonta anatina; LimncBa lagotis (Schi\) ; 2nd. 
(Plants) Dryas ootoiMala^ Betida nana. From these facts 
Ml. Holmstrom considers that he has evidence of an inter- 
glacial period. He saj^s the lower blue till is very thick, and 
extends almost continuously over the whole country. It 
points, as he thinks, to the former existence of an extensive 
mar de glace which covered the whole land, destroying all 
life. The shells and plants found in the freshwater clays 
must therefore, according to him, have come in from the 
south when the ice retired. Then afterwards, at a later 
period, some local glaciers crept down from the great mass of 


* Konyt Vctmshaps-'Akad&miem Forhandlingar, 1873. Ko. 6. 
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ice that still lingered in the north, covering with morainic 
matter the freshwater clays which, during the interval, had 
accumulated in pools upon the surface of the older tilL"^ 
More recently Mr. E. Erdmann of the Geological Survey of 
Sweden has described f the occurrence of interglacial sand 
and clay in the till or boulder-clay of Scania. He believes 
he has evidence to show that there were more interglacial 
periods than one, for several interglacial deposits separated by 
intervening masses of till occur one above another. In one of 
the interglacial beds freshwater shells were detected ; this 
bed was covered by 70 feet of boulder-clay. 

In Morway a deposit of till also occurs ; it does not, how- 
ever, cover so wide an area as in Sweden, but appears often 
of considerable thickness in sheltered places, as on the lee- 
side of crags and rocky knolls. $ 

Eesting sometimes on till, but oftener, perhaps, upon solid 
rock, appear certain great natural embankments, or long 
winding ridges, which are known in Sweden as dsar. § They 
generally rise abruptly to a height that may vary from 50 to 
100 ft. above the average surface of the ground. Sometimes, 
however, they reach as much as 180 ft., while now and again 
they sink to SO or 20 ft., or even disappear altogether below 
newer deposits. Their sides have an inclination of from 1 5° 
to 20° but occasionally as much as 25° or even 30°, and 
the two declivities very rarely slope at the same angle. || 

Often beginning in the interior of the country, the dsar 
follow the valleys dovm to the low coast-land, across which 
they pass as well-defined ridges out to sea, after a course 
of not infrequently more than a hundred English miles.1T 
In the mode of their distribution they show a striking 
resemblance to river courses, as will be seen from the 

^ Ofversigt a£ Bilclningar firan och efter istideix vid Kldgerup i Malmoliiis Ian 
(L. Holmstrom) ; Kongl, Vetenshaps-Akademiens Mr handling ar^' 1873, No. 1. I 
am indebted to Mr. Tornebobm for calling my attention to these interesting 
observations, Nor an interesting account of stratified beds, underlying and inter- 
calated with Swedish till, see a paper by E. Erdmann. Qeol, Foren, i Stockholm 
Fork., Bd. i. p. 210. ^ 

t Qeohgiika Foreningms i Stockholm Forhandlingar, Bd. ii. p. IS. 

t Figttagelser over den poctpliocene eller glaciale Formation (Sars and Kjerulf). 

I As singular, asar plural ; similar ridges in Norway are termed Faer. 

It FxpQs4 des Formations qnaternaires de la Suede, par A, Erdmann, pp. 40, 6L 

IT Erdmann mentions as examples, IJpsala as, which is ahont 200 kilometres in 
length ; Kbping ^s, very nearly 240 kilometres ; Enkbping as, 300 to 340 kilo- 
metres; Badelnnda as, ahont 300 kilometres. Op. eit. p. 44. 
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accompanying sketcB-map, on wliicli the black lines repre- 
sent the iisar. * ■ 

At greater heights than 300 ft. aboYe the sea these re- 
markable ridges are, as a general rule, confined to the Tal- 
leys, but at lower lewels they seem to be tolerably independent 
of the present configuration of the ground. They are met 
with at all levels up to and be3mnd 1,000 ft.t The materials 



Fig. 63. — ^lUap o£ Asar in basin of Malar Lake. 


of whicli tliey are composed may consist either of coarse 
shingle, or of pebbly gravel, or of sand, or it may be made 
up of all three. In some parts of a ridge shingle and gravel 
predominate, in others sand is the principal ingredient. In ‘ 

♦ Tbe map is from a paper by A. E. Toraebobm in Geok Foren. i Stochholm 
Fork,, Band I. Ko. 4, and is meant to ilinstrate an ingenious theory advanced by 
that geologist in explanation of the asar. 

t The mghest mentioned by Erdmann occurs at Herjeddal, between 1,300 and 
1,400 ft. above the sea, but Blr. Tomebohm informs me that in the mountain- 
valleys of the north they go up to elevations of over 2,000 ft. 
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one place tlie stratification will be distinct, in otber places 
obscure, and not infrequently false-bedding appears. 

In many respects tlien tbe i^sar seem analogous to the 
British eskers and kames. These deposits have yet another 
character in common — they are unfossiliferous. For, as we 
shall see immediately, the shells which have been described 
as occurring in the tlsar, do not properly belong to them. 

Erratic blocks are frequently found perched upon the top 
of an ds, or plentifully sprinkled along its sides, and some- 
times also they occur in the interior, especially towards the 
top, or at the base. 

A fine glacial clay containing arctic shells* often covers the 
slopes of the Usar. The same clay also forms deposits of 
considerable thickness, especially on the low grounds upon 
the borders of the Baltic and the North Sea. Traced inland 
it gradually gives place to sand and gravel. Here and there 
immense accumulations of shells of northern and arctic species t 
flank the hill-slopes, and have been dug for making lime and 
other purposes, just as we in this country quarry chalk or 
limestone. At the hill of Capell-backen, near Uddevalla 
(207 ft. above the sea), they were energetically digging the 
.shells in Linnceus's time, and the same heap is being quarried 
now. 

Frequently the shelly clays exhibit disturbed and contorted 
bedding, and they often contain large erratics. The greatest 
height at which shell-bearing beds have been obtained is some 
600 ft. above the sea. 

The beds next in succession consist of marl, clay, sand and 
gi'avel. They contain numerous shells of Baltic species, and 
large erratics often rest upon them. 

In the interior of the country well-marked moraines are 
not very common. Some fine examj)les, however, are occa- 
sionally met with. Thus the southern part of Lake Wener 
is crossed by three parallel terminal moraines. J Moraines 
also occur in the mountain-valleys of Sweden, and are well 
marked in those of Norway.! 

The sheUs belong to such genera as Toldia, Saxicava, Zeda, Oyimna^ Area, 
Zfaticay Astarte, &c. 

f The highest of these great shell-banks is that at Gustafsfors, near Westra 
Silen Lake, 500 ft), above the sea. (The Swedish foot is |th less than the English.) 

J Mr. Tornebohm is my authority. 

§ Seo the paper by Sars and Kjernlf already cited. 
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The annexed cliagram shows the mutual relations of the 
Swedish deposits, and will help to make the preceding notes 
more intelligible. 

The succession of changes thus indi- 
cated would appear to be as follows 

1. Period of intense arctic cold, with a 
vast mer de glace covering the 
country (lower till). 

2. Intervening period of milder con- 
ditions, when the ice-sheet drew 
back to the mountains. 

3. Eeturn of the ice-sheet (upper 
till). 

4. Retreat of the ice-sheet ; stranding 
of hloce perchis ; great rivers 
carrying down immense quan- 
tities of sand and gravel ; forma- 
tion of 4sar. 

5. Submergence of land, and deposi- 
tion of shelly clays, &c. ; climate 
arctic; abundance of floating ice. 

^ 6. Gradual re-elevation of the land ; 

^ climate changing from arctic to 

^ temperate. 

'S How far south the Scandinavian ice- 
^ sheet extended has not been determined. 
When we pass beyond the limits of 
Scandinavia and Finland into the low 
•43 grounds of northern Russia and the 
great plains of Germany, we encounter 
vast accumulations of sand and gravel 
^ dotted over with blocks and boulders, 
^ all of which have come from the north. 
I Erratics from Finland and Lapland are 
^ widely scattered over Poland and Russia, 
^ and fragments of rock broken from the 
.^mountains of Norway and Sweden strew 
^ the surface of Denmark, Holland, and 
northern Germany. Underneath these deposits the solid 
rocks disappear, and we have, therefore, no means of ascer- 
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taining, -witli any approach to certainty, the extreme limits 
reached by the continental ice-sheet. It is by no means 
impiobable, however, that it may have stretched nearly as far 
south as the great “ Northern Drift ” extends. 

In its general character this Northern Drift veiy much 
resembles the remodelled drifts of the British Islands and 
Scandinavia—the eskers, tames, and ^sar. It often forms 
undulating hills and mounds, which bear on their tops and 
slopes large boulders and angular erratics. Here and there 
in East and West Prussia it is said to have yielded shells, but 
certainly the ^eat bulk of the deposit is quite unfossiliferous, 
and it is possible that these shells may belong to some more 
recent overlying formation ; just as the shells which were 
formerly believed to occur in the &sar, are now known to be 

of later date and to lie in beds that rest upon these peculiar 
ridges.* 

The general unfossiliferous character of the Northern Drift 
would be inexplicable if we could believe that the materials 
of which that drift is composed were deposited upon the 
bottom of what was once open sea. But for this supposition 
there are really no good grounds. We have seen that the 
materials of which the kames consist were laid down by the 
swollen rivers that flowed underneath and issued from the 
last ice-sheet. In like manner the Ssar of Sweden would 
appear to be of freshwater and subglacial formation; and 
that the great bulk of the Northern Diift of Europe, consist- 
ing as It does of boulder-clay, gravel, sand, and erratics, was 
deposited by an ice-sheet, and the water escaping from it 
may safely be inferred. 

The remodelled aspect of some of this drift in Northern 
Germany, however, and the presence of sea-shells seem to 
show that after the ice-sheet had retreated and left the 
ground covered with boulder-clay, sand, gravel, erratics, and 
moraine-matter, a process of submergence ensued. Diluvial 
sand and gravel would now be subjected to the action of the 
sea. Step by step the land disappeared, but to what extent 
e submergence reached has been a much-disputed question. 


Besselschaft^ Bd. xxvi. p. 823. Zextschrtft der deutschen ge^hgtsohm 
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Some geologists who maintain that the Isar are banks heaped 
up by the sea, insist that Sweden sank to a depth sufficient 
to allow of the formation of the highest of these ridges, which 
would give a depression of not less than 2,000 ft. Others, 
again, think the absence of shells from the dsar is proof that 
these ridges cannot he of marine origin, and since sea-shells 
are nowhere found in Scandinayia at a greater height than 
600 ft. or thereabout abowe the sea, they would limit the 
depression to that amount.^ 

The whole question thus turns upon the origin of the dsar. 
How were they formed ? Scandinavian geologists are now 
generally agreed that the ridges in question are not marine. 
It is hard,' indeed, to understand how sea-currents of any 
kind could form a series of long ramifying hanks like those 
shown upon the sketch-map. Quite recently Mr. A. E, 
Tbmebohm advanced a theory on the subject which I may 
here briefly describe.! 

His belief is that the dsar are ancient river-courses, and 
he makes pointed reference to their peculiar riverlike ramifi- 
cations, In those valleys which contain the dsar detached 
patches of sand are sometimes found, perching high on the 
side slopes. These patches, according to him, are the wreck 
of a gTeat deposit of sand, which at one time filled the valleys 
from side to side. While the valleys 'were stiU filled with 
this tMck bed of sand, rivers began to flow just as they now 
do, and cut their way down into the sand. The running water 
carried along with it coarse sand and gravel, and deposited 
these on the beds of the rivers, wffiich thus became paved 
with coarser materials. By-and-by this state of things changed 
— denudation set to work upon the whole deposit, and re- 
moved the fine sand, but had not powm to carry away the 
coarse gravel which had filled up the old river-courses. This 
gravel,, therefore, remained behind, and very frequently has 
protected a considerable thickness of underlying sand. The 

* The old beach-lines of the Norwegian coast have long been objects of interest 
to geologists, and have frequently been described. The most recent information 
about them is given in a paper by H. Mohn, “Bidrag til Kundskaben om garale 
Strandlinier i Norge , Myt Magazin for Kaitiri'idenskaberney 1876, In this 
paper the levels of the various beach-lines in a number of the most important 
fiords are compared with each other. 

t See foot-note, p. 408. 
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annexed woodcnts^ wliicli are taken from Tornebolim’s paper, 
will furtker illustrate kis meaning. 

Fig. 65 skews tke section of a valley partly filled witk 
sand, s, in wkick is cut tke river-bed, paved witk coarse sand 
and gravel, 5. Fig. 66 represents tke aspect of tke valley 
after denudation kas removed tke greater portion of tke 
sand, patckes of wkick are seen at a, a. At tke bottom of 
tke valley tke river-gravel rests upon some deptk of sand, 
forming togetker an Ss, h. 

Tke close connection between tke ^sar of tke valleys and 
tliose tkat strike across tke low country, clearly shows tkat 
in botk districts they must kave been formed in tke same 
way. As an example, Mr. Tornebokm cites tke dsar tkat 
occur in tke basin of tke Malar Lake. (See tke map, p. 408.) 
To apply Ms explanation to tke ^sar of tkat region, it is 
necessary to suppose tke Malar basin to kave been filled up 
witk sand and mud, tkrougk wkick tke rivers, coming from 



tke melting mer cle glace, cut tkeir way to the sea. After 
tke rivers had thus coursed across the broad deposits of sand 
which are inferred to kave covered so large apart of Sweden, 
a movement of subsidence ensued, tke land sank down, and 
tke Malar basin became converted into a shallow sea. During 
this depression tke fine sand which was unprotected was 
washed away, and thus tke ^sar were formed. It is difficult, 
however, to comprehend how such immense deposits of sand 
and clay could kave been removed so completely, while, at 
tke same time, tke supposed river-beds were left intact ; for 
some of the l/Sar are all but continuous throughout tke whole 
of tkeir course. Had this been their origin, surely one might 
have expected to find these ridges more frequently interrupted 
than is tke case, and many miles of them often swept away.^ 

* Most of them, indeed, are more or less interrujpied with gaps, ‘but these are 
not so^wide as to mahe^ it a difdc nit matter to identify the different parts of the 
same as. Badelnnda as is, one might say, all hut continuous fox a distance of 
more than 160 English miles. 
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Mr. Tomebolim, wlio is one of those wlio consider that the 
land was not submerged more than 600 ft. or thereabout, is 
of course compelled to assume that the asar above that level 
owe their origin to the action of rivers. And there can be 
no doubt, indeed, that streams flowing across a broad terrace 
will clear out hollows and leave intermediate hanks or ridges 
of more or less prominence. There is great difficulty, how- 
ever, in concehdng how stream-action could so denude a 
terrace as to leave nothing but a great central ridge extend- 
ing for many miles along the course of a valley. 

Eobert Chambers, who examined some of the dsar many 
years ago,* at once recognised their strong similarity to our 
kames and eskers, and formed the opinion that they were 
probably marine, as M. Ch. Martins t was the first to suggest. 
This opinion, however, I believe Dr. Chambers subsequently 
changed; at all events he held latterly that the Scotch kames 
were of morainic origin. 

What appears to be by much the most satisfactory expla- 
nation of the fisar has been recently worked out in a very 
interesting manner by Mr. David Hummel, of the Geological 
Survey of Sweden.? Among the phenomena which Mr. 
Hummel specifies as specially suggestive of the origin of the 
fisar, are the frequent passage of the gravel of the fisar into 
true morainic matter (a passage w^hich one can trace not only 
along the 'sides of an ^s, hut also in the direction of its 
trend) ; the appearance of angular blocks and gravel in the 
heart of well water- worn gravel ; the less rounded aspect of 
the stones in the upper part of an fis ; the existence of beds 
of ivell-rounded stones underneath true mommes de fond ; 
the confused and dislocated appearance of the bedding some- 
times noticeable in the interior of an fis ; the general agree- 
ment that obtains between the trend of the rock-striations 
and the direction followed by the isar, which seems to point 
to both phenomena being due to one and the same cause. 
We are further reminded of the fact that although the 
deposits in the interior of an &s are often beaiitifuhy strati- 

* Tracings in the ITorth of Europe 1850, p. 238, et passim; Edinlurgh Mia TMh- 
S02)Mea.l Journal 18o3. ■ 

t MiUetin de la- Sociiti gioUgtqm de France^ 1845, 1846. 

t Om Eullstensbildningar (STeriges geologiska '[Jiidersoknmff) : K. Bmmha 

ret-AJiml Sanmiffcr, im- ‘=/ > . 


SCAMDIMAVIAiY GLACIAL DEPOSITS. ' 415 

fied, they yet contain no fossils, while the exterior deposits, 
those which rest njpon the flanks of the 4sar, are often full of 
shells, &c. Again, we are to bear in mind that such stratified 
deposits were rarely formed before the accumulation of the 
i,sar, which is in strong contrast to their frequent occurrence, 
in certain localties, after the dsar had come into existence. 
In fine, the facts seem to Hummel to indicate the agency of 
running water, and the direct action of glacier-ice ; and he 
comes to the conclusion that the ilsar have been formed in 
tunnels underneath the dissolving ice, by running water, 
introduced through crevasses, &c., acting upon the ground- 
moraines of the great confluent glaciers which covered Sweden 
during the glacial epoch. As the ice followed the general 
slope of the ground, so also the direction of the subglacial 
streams was necessarily determined by the contour of the 
underlying rock-surface. Thus we find that the chief dsar 
coincide in direction with the trend of the glacial striae. Not 
infrequently, however, they follow another direction than that 
taken by the ice, the course pursued by the subglacial waters 
conforming in all cases to the slope of the ground, while the 
ice-sheet accommodated itself only to the general or average 
slope of the surface over which it moved. This theory 
obviously accounts for the passage of the dsar gravel into 
morainic matter, and for the fact that the gravels in the upper 
portion of an tls are not usually well rounded. It likewise 
explains the occasional occurrence of angular blocks in the 
interior of the ^Isar, the blocks having been introduced through 
crevasses, or melted out of the ice itself, and then dropt from 
the vault of the subglacial tunnel upon the bed of the stream. 
The contorted and interrupted bedding sometimes noticed in 
the heart of an Us is no doubt due to the crushing force of 
the ice during an occasional collapse of the tunnel. This 
theory (which to some extent resembles Mr. Goodchild's view 
of the origin of drift-deposits in general) throws much light 
upon the origin of the kames of Scotland, as I have endea- 
voured to show in Chapter XXL* 

* Dr. I:T. 0. Holst has proposed yet another explanation of the asar (see Geol, 
Mren, i Stoclfolm Forli. Band iii., No. 3). According to Mm the asar haye 
been formed in superficial channels Ixched out of the ice-sheet by the water derived 
from the melting^ of ^ the inland ice. The materials, he believes, were obtained 
from the melting ice in wMch they had lain embedded. This explanation occuired 
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The erratics that occur on the tops and slopes of the £sar 
have in most cases been dropt into their present position 
from the front of the ice, during the final disappearance of 
the great glaciers. It is a prevalent belief, at least in this 
country, that the Northern Drift which covers such a large 
area in the low grounds of northern Germany is of marine 
origin, and that the erratics which are so plentifully sprinkled 
over its surface were de230sited there by icebergs which set 
sail from the mountainous parts of Scandinavia during some 
period of great submergence. But, as we have seen, the 
Swedish and Norwegian geologists can find no traces of a 
greater degree of submergence than some 600 ft. or there- 
about. Nor does it seem at all necessary to invoke the aid 
of the sea to account for the presence of the hills and undu- 
lating tracts of sand with erratics of northern Germany. If 
the great Scandinavian ice-sheet actually invaded and covered 
that region, it must have left behind it when it disappeared 
deposits of precisely the same character as those 'which are 
now so conspicuous there. 

The sea-shells, however, which at rare intervals have been 
obtained from the diluvial sand of Germany, seem to indicate 
a certain degree of postglacial submergence, something like 
that which is shown, by the shell-beds that abut upon and 
overlie some of the low-level ^sar of Sweden, to have ob- 
tained in the north. The submergence of the Scandinavian 
peninsula began and reached its climax at a time when arctic 
mollusca lived in the neighbouring seas. By-and-by, how- 
ever, these departed, and their place was taken by the present 
fauna. From the presence of erratics I’esting upon beds 
which are full of shells belonging to the living Baltic fauna, 
we gather that large ice-rafts still sailed about in that sea 
during postglacial times ; and it is quite possible that many 
erratics may have been dropt over the low grounds of 
northern Germany at the same period : although most of the 
erratics of that region were most probably left there upon the 

to me some years ago, but I rejected it tbeu for these reasons : 1st. Because the 
asar, eshers, and ridgy kames are not so continuous as they must have been had 
they heen formed in superficial river channels; and, 2nd, because we have no 
reason to believe that the ice of the old extinct glaciers was more thickly charged 
with debris than the present ice-sheets of arctic and antarctic regions. Did space 
permit I might mention other objections, hut Dr. Holst’s suggestive paper has 
only reached me while these pages are passing through the press. 
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retreat of tlie Scandinayian ice-sheet. Even in our day 
floating ice continues to scatter stones over the bed of that 
sea, and sometimes immense rafts are driven ashore, causing 
great damage. During the winter of 1862-63 a vast pile of 
ice w^as cast ashore on the southern coast of the Gulf of Fin- 
land, overwhelming many dwellings and whole forests. When 
this ice had melted away stones and blocks were found piled 
in great quantities upon the ground. The change from arctic 
to temperate conditions has thus been less complete in 
Scandinavia than with us * 

An examination of the flora of Norway enabled Mr. Axel 
Blyttt some time ago to come to the conclusion that the 
present peculiar distribution of Norwegian plants has been 
brought about by a succession of humid and dry periods. 
Having subsequently learned that I had j)reviously inferred 
from the phenomena of the Scottish j)eat-mosses that a humid 
climate succeeded in postglacial times to an age of forests, he 
was induced to study the peat-bogs of his own country, with 
a view to discover whether the results he had already obtained 
would be supported or not by that line of evidence. He has 
not yet completed his observations, but so far as he has gone, 
he finds abundant corroboration of the truth of his views. 
The facts mentioned by him in connection with the peat- 
bogs of Norway are much the same as those I have already 
described when treating of the Scottish peat-mosses, and he 

* The gradual change from arctic to temperate conditions is T^ell seen in the 
sheU-heds of Norway, as Sars has shown. He has also pointed out the curious 
fact that certain species of molluscs occur in these shell-beds which are now 
restricted to seas farther south, ranging from England to the Mediterranean ; 
while others again now liying off the Norwegian shores occur also in the Medi- 
terranean, but are not met with in intermediate regions {lagttagelser over den 
postpUocene eller glaeiale Formations^ p. 66). Mr. G-wyn Jeffreys, as is well known, 
noted similar facts at TJddevalla, British Association Report^ 1863. Similar facts 
again have been observed in connection with the glacial and postglacial deposits 
of Britain and Ireland. We have no doubt still much to learn concerning the 
natural history of glacial, interglacial, and postglacial seas. But it already 
appears that there were several great changes in the distribution of the marine 
fauna of north-western Europe during the glacial epoch. I would ask palrnon- 
tologists whether the occurrence of southern forms in late glacial times (arctic 
shelly clays) is not further proof that a mild climate of long continuance super- 
vened after the retreat of the great ice-sheet which preceded the extreme sub- 
mergence in Wales, Scotland, and Ireland. These southern forms I would take 
to be relics of the fauna that tenanted our seas during the climax of the last mild 
interglacial period. See the question of this last warm interglacial period dis- 
cussed in Chap, xxxvii., et sqq. 

t Bssag on the Immigration of the Ffonoegian Flora during alternating Rainy and 
Dry Seasons ; Christiania, 1876. 
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comes to tlie same conclusions — namely, tliat tlie buried 
forests indicate a continental climate, ■while the bogs that 
coyer them point to the former prevalence of a humid insular 
climate. And since he meets with several successive buried 
forests occurring one above another and separated by inter- 
vening beds of peat, he is strongly inclined to think that there 
maj^ have been a number of alternating dry and rainy periods 
in postglacial times. 


CHAPTER XXXIII. 


GLACIAL DEPOSITS OF SWITZEELAUD. 

No trace of sea-action or of floating ice. — Erratics of tiie Jura. — Glaciers of tho 
Blimo and its tributaries. — Glacier of the Rhone. — ^IVIoraine-profonde in 
I)auphiny.-~-Moraine-profonde of Swiss low grounds. — ^Ancient alluvium or 
diluvium overlying moraine-pro fonde. — Interglacial deposits of Diirnten, &o. 
— Morainic debris, «&c., overlying interglacial deposits. — Reasons why the 
moraines of the second great advance of glaciers are large and well-preserved. 
Postglacial deposits. 

rilHERE is no region wliere tlie marks left by the gigantic 
glaciers of tlie Ice Age, have been more assiduously 
studied than in Switzerland. Besides tbe many eminent 
native geologists wlio liave devoted themselves to this subject, 
hosts of enthusiastic visitors from a distance, some of them 
men of great distinction, have won for themselves scientific 
laurels amongst the glaciers of that beautiful country. For 
us especially the Swiss glaciers, ancient and modern alike, 
have many valuable lessons. Geologists in this country are 
frequently puzzled to decide what part of the glacial pheno- 
mena here ought to be ascribed to the action of land-ice, and 
what portion must be assigned to rafts and bergs. In Swit- 
zerland nowadays there is no such difSculty. Glacialists are 
unanimous in considering that all the marks of old ice-action 
in that country have been produced entirely by glaciers. 
Rock-scratching on the grandest scale — strisc running across 
the tops of considerable hills — erratics which have crossed 
deep broad valleys, often for great distances, and stranded at 
last on steep mountain-slopes — ^till, formed and accumulated 
under ice (a process which some geologists even yet cannot be 
persuaded has ever taken place), may all he studied to the 
greatest advantage in Switzerland. It is not my purpose, 
however, to dwell much upon these matters. The object I 
have in view is simply to point out the succession of the 
glacial deposits, for the purpose of instituting a comparison 
between these and glacial accumulations elsewhere. 

E E 2 
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The Jura Moiintains, as every one knows, extend in a long- 
series of parallel ridges from south-west to north-east, between 
the valleys of the Rhone and the Rhine. From the base of 
these mountains the low grounds of Switzerland roll them- 
selves out to east and south-east until they sweep up against 
the gi’eat barrier of the Alj)s. Now upon the southern flanks 
of the Jura we find numerous scattered blocks and boulderSj 
all of which have been carried from the Alps across the inter- 
vening plains, and left where we now see them. Some of the 
blocks are of enormous dimensions : many contain thousands 
of cubic feet, and not a few are quite as big as cottages. 
Indeed one of them— the goreat granite-boulder of Steinhoff 
— ^might be compared, as Mr. Maclaren has remarked, to 
goodly-sized house of three storeys.’' Such blocks have been 
observed on the Jura at a height of no less than 2,015 ft 
above the surface of Lake NeiichiUel, or S,450 ft above the 
sea; and from this elevation downwards they are strewm in 
greater or smaller numbers along the whole mountain-slope 
that faces the Alps. 

Towards the north-east, where the Jura begins to lose in 
height as it approaches the valley of the Rhine, we find the 
erratics scattered not only along the southern slopes, but even 
over the tops of the mountains. Aceordmg to Swiss geologists 
these erratic blocks and boulders have been carried down from 
the Alps on the surface of a mighty vier de glace, underneath 
which the whole of the central low grounds "were at one time 
bmied. This vast sheet of ice, not less than 3,000 ft. in 
thickness, stretched continiiously outwards from the Rhone 
Yalley, and abutted upon the Jura, the higher ridges of which 
rose above its level. Other gigantic glaciers descending the 
valleys of the Rhine and its tributaries, became confluent with 
the glacier of the Rhone, and each of these carried its quota 
of rubbish and boulders, which it stranded along the slopes 
of the mountains. 

Wbeii the Rhone glacier advanced across the plains of 
Switzerland and abutted upon the Jura, it was of course 
compelled to flo'v? south-west and north-east along the flanks 
of that range. That portion which crept towards the north- 


* Tixe great ice-stream tHat pressed upon the Jura must Iiave exerted very 
considerable eroSiTe power along the base of these mountains, just as we have 
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^east coalesced with the glaciers of the Aar, and its tributaries, 
.and these last again with the great glacier of the Ehine. 
How far, then, to the north did this vast ice-flow extend ? 
Its limits in that direction are at present unknc^m. The old 
moraine-matter has been traced down to the Rhine at its 
confluence with the Aar, but beyond that, the track of the ice 
has not been followed. No one, however, can believe that 
the great glacier stopped abruptly on the banks of the Ehine. 
The mass of ice which overtopped the Jura and flowed doTO 
the Frickthal to the Ehine, must of necessity have continued 
its course much farther. Nor when we remember that at this 
very time the Black Forest also had its great glaciers, can we 
doubt that the ice of that region was confluent with the Swiss 
mer cle glace. 

Passing north-eastward from Waldshut and SchafEhausen 
on the Ehine the moraine-matter of the ancient glaciers has 
been traced continuously into the valley of the Danube as 
far north as Eiedlingen. From this point its northern 
boundary forms a rapidly undulating line that sweeps aAvay 
to the east by Buchan, Kellmtinz, Mindelheim, and the 
Ammer See. It crosses the valley of the Isar a little above 
Munich, descends the valley of the Inn as far as Braunau, 
and reaches down that of the Traun to within ten miles of 
Linz on the Danube. It short, it is evident that great 
glaciers have issued in old times from all the Alpine valleys 
that oj)en to the north, so as to become confluent on the low 
grounds at the foot of the mountains and form one mer de 
glace that stretched continuously from the valley of the Rhone 
onwards into Austria. 

That part of the Rhone glacier which flowed to the south- 
west, was not until recently thought to have extended beyond 
some twenty miles below Geneva. But quite lately the path 
of the old ice-stream was followed by MM. Falsan and Chantre,^ 
from Geneva as far as Lyons, passing by Seillon, Chatillon, 

SGen "was tlie casG in. Scotlsind, wlierG, in front of tliG islands and Mis’ll grounds 
that opposed the advance of the ice, deep hollows were scooped. We are not 

hollows at the base of the Jura — the lake-hasins 

"Suchatel and Brienne, namely. The trend of these lakes corresponds with 
that of the great glacier that flowed towards the north-east. 

According to these g*eologists, all the plain of the Domhes and lower Danphine 
is covered with the moraine x^rofonde of the Bhone and its tributaries. JBulL dc 
la Soc. geoL de France, tome xxvi. 2e Serie, 1868 ; Bibliomqm TInwcrseUe (1872), 
voi. xhv. p. 46 ; Nature^ vol. viii. p. 468. ^ 
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Aars, and Sattonaj^, and even farther soiitli to Yalence in the 
department of Drome — that is to saj", about ISO miles as 
the crow flies from Geneya. On its waj it overflowed the 
rubbish heaps of limestone blocks brought down by the local 
glaciers that descended from the valleys of Savoy, and deposited 
above them its own moraines of crystalline rocks. What a 
pictme does this give us of the old Ice Age I Truly if Scan- 
dinavia and Britain had then their great enveloiflng //rnu- 
glmey central Europe was not much behind with its colossal 
glaciers ; a stone dropped upon the Ehone glacier at its source 
might in those clays have been carried iij)wards of 270 miles 
before it reached the end of the ice-flow. In comparison 
•with this what are the present glaciers of the Himalaya and 
the Karakoram, the very largest of which attains a length of 
only thirty-five miles ? ^ 

But erratic blocks and loose rubbish strewed along the 
mountain-slopes are not the only deposits which these great 
glaciers accumulated. In the low grounds of Switzerland t 
we get a dark tough clay packed with scratched and well- 
rubbed stones, and containing here and there some admixture 
of sand, and irregular beds and patches of earthy gravel. This 
clay is quite unstratified, and the strata upon which it rests 
frequently exhibit much confusion, being turned up on end 
and bent over, exactly in the same way as the rocks in this 
country are sometimes broken and disturbed below till. The 
whole deposit has experienced much denudation, but even 
yet it covers considerable areas, and attains a thickness vary- 
ing from a few feet up to not less than thirty yards. At 
Dlirnten a shaft was sunk in it to a depth of thirty feet with- 
out reaching the bottom. 

* It ■would seem tliat during a comparatively recent period the desert of 
Sahara was submerged, recent marine shells having been found widely distributed 
over its surface, and embedded at some depth in the sand. It is highly probable 
that, as Escher von der Linth has suggested, this submerged condition of the 
Sahara obtained during the glacial epoch, and that much of the moisture ■which 
then fed the great snow-fields of the Alps was brought by the prevalent wduds 
flowing from Africa across the Sahara Sea and the BlediteiTanean. 

t For descriptions of the ancient mominG profonde of the plains of Switzerland 
see Keeker’s Mudes giohgiques dans Us Alps ; and A. Eavre’s Recherches giohgiques 
dans ks iMrties de U Savoie, tome i. chap. iv. Some of the best sections of 
this stony elay^ or till which I have seen are exposed in the steep banks of the 
river Arve, a little above Carouge, where a thickness of 80 or 90 ft. is seen. The 
included stones and boulders at that place were beautifully striated, especially 
those of limestone. Considerable masses of rolled stones, gravel, and shingle, 
were enclosed in the tumultuous unstratified. till. 
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The Swiss glacialists believe this deposit to be tlie material 
that gathered nnderneatli the great me?’ de glace, and hence 
they term it grimd-mordne or moraine frofonde. That it 
has been subjected to great pressure is evident from the 
exceedingly stiff and compact nature of the clay, in which, as 
in other particulars, it closely resembles, as indeed it is the 
counterpart of, the Scotch till 

I have mentioned the fact that the grund-mordne has suf- 
fered much dentidation. Eesting upon its eroded surface "we 
find sand and gravel, and the same deposits are spread far and 
wide over the low grounds, attaining often a great thickness, 
and frequently rising to considerable heights. These consti- 
tute the ancient alluvium of Swiss geologists. When they 
are traced from the low grounds uj) to the base of the Alps 
they generally become coarser, and show many angular stones, 
especially at or near the bottom.''^' Of course they do not 
cover the ground continuously ; in many places, indeed, they 
are absent altogether. 

The origin of the ancient alluvium is sufficiently obvious. 
When the great glaciers were retiring and leaving trains of 
blocks and boulders upon the mountain-slopes at ever decreas- 
ing heights, they by-and-by came to shoot their rubbish upon 
the low grounds. Streams of water issuing from the melting 
ice then washed these moraines down, rounded the angular 
stones, and spread sand and gravel far and wide. The ancient 
alluvium, therefore, is exactly the counterpart of those great 
accumulations of sand and gravel, which occur so abundantly 
in and at the mouths of our own mountain-valleys. There 
seems, however, to be an entire absence of such conspicuous 
gravel ridges as the asar of Sweden, the eskers of Ireland, and 
certain of the kanies of Scotland. 

The beds which I have now to refer to, carry the story still 
farther on, and are of much interest and importance. 

At Diirnten and Wetzikon in the canton of Zurich, certain 
seams of lignite have long been worked, and in the canton of 
St. Gall, similar seams occur at Utznach and Morschweil, on 
the Lake of Constance. The lignite at these different places 
is believed to be the same, or at all events to have been accu- 

* Carl Yoga's Xehrhucli der Geologie und l0trefaeienhzmde, third edition, Tol. ii. 
p. 36. 
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mulated at approximately the same time. It varies from two 
to five feet, and even occasionally reaches a thickness of 
twelve feet. It appears to be made np chiefly of peat-form- 
ing plants. like much more recent peat-mosses, it also con- 
tains numerous remains of trees, such as pines, oaks, birches, 
larches, &c. From an examination of these remains Professor 
Heer has concluded that the climate of Switzerland during 
the formation of the lignite was similar to what it is now. 

Associated with this ancient peat-moss are found the hones 
of the elephant (E. antiquus), a species of rhinoceros (i?. 
JfcrMi), the urus or great ox, the stag (Cervus Elaphits), the 
cave-bear, and the elk. In addition to these fossils a number 
of insects are found whose shining wing-cases speckle the 
upper surfaces of the beds. Some of the coleoptera described 
would seem to be now extinct 

But the same lignite has recently yielded a much more re- 
markable '‘^fossir’ than any of those just mentioned. Dr. Scheu- 
ermann of Basle noticed on one occasion a number of small 
pointed rods that lay side by side, closely embedded in the 
lignite, and he at once handed the block containing them to 
Professor Rlitymeyer, who has since published ^ an account of 
his ohseryations. It seems that the sticks are four in number, 
and afibrd distinct evidence of having been cut and pointed by 
the hand of man. There are evident marks moreover of a string 
having been wound tightly round them at one part. Tlie infer- 
ence is that the rods formed a portion of rough basket or 
wattle work.’' There can be no doubt vdiatever that this bit 
of man’s handiwork was embedded in the lignite, of which 
indeed it formed a part as much as any of the other veget- 
able remains, by which it was surrounded. The rods were 
distinctly compressed or flattened, and they did not differ 
either in texture or colour from the wood which is usually 
found in the lignite. 

Such, then, is the general character of the lignite. At 
Dlirnten it rests immediately upon a layer of fine yellow sand 
and clay, beneath which comes an unknown thickness of 
gTmi&mormie^ Overlying the lignite we find a considerable 

^ “Spurea des Mensclien aas interglaciaren Ablageningeii in der Schweiz,*’ 
Arehvv fur Anthropolome^ 3A. yiii., Heffc 2, 1875. fSee also Mature, toI. xiii. 
p. 130. 

t Die JTrwdt ier Schweiz, p. 486. It was at Diirnten where they drove a shaft 
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thickness of gravel and sand arranged in beds, wMcli are 
surmounted with several large alpine erratics.* 

Now from these facts we gather that the great mer de glace 
eventually vanished from the low grounds, and the glaciers 
shrunk back again into the deep mountain-valleys. The 
climate grew as mild as it is at present. Oaks, pines, and 
other trees overspread the ground, many large animals entered 
Switzerland, and man himself became a denizen of the 

Alpenlander.’' That this condition of things must have 
endured for a long time no one can doubt. Nor could the 
change from the intense glacial climate of the great mcr de 
glace have been other than gradual. The glaciers would 
slowly retire, and many ages would elapse before the condi- 
tions became such as to induce the gTOwth of oak-trees. 
After the genial climate that nourished these trees had lasted 
for untold centuries, the cold again increased. Slowly the 
glaciers crept down the valleys. Little by little, year by year, 
they continued to advance until at last, escaping from the 
mountain-valleys, they deployed upon the low grounds. And 
now, encroaching upon, and eventually occupying the basins 
of the Alpine lakes, they crept out from these and piled up 
great end-moraines upon the low grounds beyond. 

But the erratic blocks that overlie the lignite beds are not 
the only evidence of this second advance of the glaciers. 
That the ice after retiring from the Jura to the mountain- 
valleys did again invade the low country, had been inferred 
before the interglacial character of the lignite beds was dis- 
covered. It had been known for years that the first ground- 
moraines and ancient alluvium were overlaid by newer 
ground-moraines, terminal moraines, and alluvium ; the 
meaning of this having been pointed out by Moiiot as far 
back as 1854.1 It was extremely satisfactory, however, to get 
the further evidence supplied by the lignite beds, as it enabled 

in tiie grimd^morane to a depth, of 30 ft., and were prevented from going farther 
by anjnflnx of water. 

* Kear the viUage of Hermance, on the borders of the Lake of Geneva, there 
is an interesting section showing a bed of tnrf (with trunks of trees and recent 
species of land and freshwater shells) which overlies a bine tenacious clay with 
scratched stones, and is covered with reddish clay containing erratic blocks and a 
little gravel. hTone of the blocks in this upper clay are striated. A. L'avre, 
Mecherches giohgiques^ &c., tome i. p. 71. 

•f BtilUtm de la Bociete' mtidoise des Seienees natureUe, 1854:, iv. pp. 39, 41, 53, 
185; Bdinhirgh Hew LMlosopMcalJournalf 1855, p. 14. 
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geologists to appreciate more fully wliat tlie retreat and 
advance of the glaciers really meant. 

A similar succession of deposits has been detected by Pro- 
fessor Hanns Hofer, as occiiiTing in Carintliia. In the lower 
reaches of the valleys of that region gTOund-nioraine is well 
developed, and perched blocks and erratics are found at great 
elevations, while the glaciated aspect of the mountains further 
shows that the valleys at one time must have brimmed with 
ice. Overlying the ground-moraine come massive deposits 
of river-gravel, &c. (near Klagenfiirt), which have yielded 
remains of the woolly rhinoceros, the stembock {Ihem ceben- 
naruin), and Bob taurus. These freshwater beds Professor 
Hofer correlates with the gravel beds that immediately over- 
lie the Durnten lignites (corresponding to the Inf erglaciale 
Gerdllbiklimg of Heer). A younger series of large moraines 
met with in Carinthia near the Eaiblersee, and in the Moll 
and Malnitzer Valley, he considers to be the equivalents of the 
great moraines of the ''second glacial period” in Switzer- 
land.^ 

The glaciers of the second period, although of very much 
larger dimensions than their puny descendants of to-day, yet 
were themselves but pigmies as compared to the gigantic ice- 
flows of the first period. Nevertheless, strange to say, while 
the end-moraines left by the former are large and well defined, 
those of the latter do not exist, or exist only in the form of 
scattered blocks. For this apparent anomaly several reasons 
may be given. In the first place we have to consider that 
during the melting of the great mer de glace that filled to 
overflowing the low grounds of Switzerland, the rivers must 
have been enormously swollen, and excessive denudation of 
the moraines would necessarily follow. Next we have to take 
into account the greater antiquity of the deposits belonging 
to the first period. So long a time passed between the date 
of their formation and that of the second set of moraines, that 
we should naturally expect to find the latter in a better state 
of preservation than the former. Again, it is very doubtful 
■whether the eud-moraines of the first period were much 
larger or even as large as those of the second. The moraines 

^ ‘‘ Studien - aus KarnteE’*: JUfeucs lahrlucJi fur MineraUgie. Geologie, und 
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of a small glacier, as Miililberg*^ lias well reminded ns, are 
larger in proportion than those of an ice-stream of greater 
pretensions. During the first period an immense frontage of 
rock disappeared below the ice, and was thus prevented from 
showering down its debris. In the second period, however, 
the glaciers did not reach nearly so high upon the sides of 
their valleys, while the snow-fields were less continuous, and 
thus a much greater area of rock was exposed to the action 
of the frost. Yet, further, ’we cannot tell wdiether or not the 
glaciers of the first period remained long stationary when they 
had reached their maximum size. But we know that those 
of the second period did. Finally, when we consider that the 
end-moraines of the former were dropped upon the bottoms 
of two of the largest river- valleys — those of the Ehone and 
the Rhine — it does not appear at all improbable that much 
of the morainic debris may yet be lying concealed below those 
deep and widespread deposits of loam (loess), through which 
the present rivers make their way after escaping from Swit- 
zerland. 

The change from the last glacial conditions to the present 
climate appears to have been gradual ; the glaciers retiiing 
slowly up the valleys, but perhaps occasionally advancing 
for a short distance, during some exceptionally severe year. 

The mammalian remains met with in postglacial deposits 
in Switzerland, belong for the most part to the same species 
and genera as those which chai-acterize similar deposits in 
Ireland, Scotland, and north of England. Thus we get the 
bison, extinct bovidse, several • species of deer, &c., and also 
the mammoth and the woolly rhinoceros. Human relics 
likewise occur plentifully in the postglacial beds, but none of 
these go back to an older date than the newer stone period of 
archeologists. 

^ Ueber die erratiscJien JBildungen im Aargmi^ &:c., p* 85 . 
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MM* Martins and Gastaldi on moraines of Dora Baltea, &c. — So-called pliocenic 
sands and alluvia of Piedmont. — Shells of the pliocene sands. — Great 
moraines not the equivalents of the Swiss till or ground-moraines. — Post- 
miocene denudation in the valley of the Po. — Pliocene shells and striated 
stones in same deposit. — ^Views of Professor Stopanni, M. Desor, and Signor 
Gastaldi. — Observations and views of Professor Butymeyer. 

TUST as in Switzerland we haye central low grounds, witli 
^ the Alps rising in the south and the Jura in the north, so 
also in Italy we find the great plains of Piedmont and Lom- 
bardy flanked by the Alps on the one hand, and bounded by 
the hills of Turin and the northern spurs of the Apemiines 
on the other. With two exceptions, every great valley that 
oj)ens out from the Alps upon the 2}lains of northern Italy 
contains a lake, as is the case with similar valleys in Switzer- 
land. The two exceptions referred to are the valleys of the 
Dora Eiparia and the Dora Baltea. 

Thus, at the first glance there appears to be a broad 
general resemblance between the regions on both sides of the 
Alps. The geologist might therefore expect to meet with a 
like similarity in the glacial phenomena of the two regions ; 
and up to a certain point his expectations would no doubt be 
realised. But when he came to coiTelate the Swiss with the 
Italian deposits, he would find the task by no means so easy, 
and the resemblance between tbe two not nearly so striking 
as he anticipated. So long as he confined Ms attention to 
the mountain-valleys, he would observe precisely the same 
appearances as present themselves in the mountain-valleys of 
Switzerland. Bounded and polished rocks, morainic debris, 
and perched boulders he would see everywhere ; and at the 
lower ends of the great lakes he would encounter huge 
terminal moraines. But out upon the broad plains he would 
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find only wide-spread deposits of gravel and loam, tlie stony 
glacial clay so often met witli upon the low grounds of 
Switzerland nowhere appearing upon the plains of northern 
Italy. 

Of all the glacial deposits of Italy, perhaps the most 
striking are the moraines of the Dora Baltea. They form a 
huge semicircular embankment ojpposite the mouth of the 
large valley of Aosta, and some idea of their vast extent may 
be gathered from the simple statement that they rise out of 
the plains of Piedmont as steep hills, to a height of 1,500 ft, 
and even in one place to very nearly 2,000 ft. Measured 
along its outer circumference,''''* this great morainic mass is 
found to have a frontage of at least fifty miles, while the 
plain which it encloses extends for some fifteen miles from 
Andrate southwards, with a breadth of about eight miles. 
Two lakelets (the largest of which is little more than two 
miles in length bj?- one in breadth) occur within the moraine. 

MM. Martins and Gastaldi have shown t that the moraine- 
matter rests upon beds of coarse gravel, and that these again 
repose upon deposits of sand, and the succession given is as 
follows 

8. Moraine. 

2. Alpine diluTium. 

1. Marine sands. 

The upper deposit (No. 8) forms the great bulk of the 
semicircular range of hills above referred to. It exactly 
resembles the moraines of the Swiss Alps, being comj)osed of 
a pell-mell heap of angular blocks and ddbris, with some 
admixture of earth and sand. 

The bed (2) also answers precisely to those wide accumula- 
tions of gravel which cover so large an area in the low grounds 
of Switzerland. It shows no trace of fossils, and the rounded 
stones of which it consists have evidently been derived from 
the Alps. None of these stones is striated, and no angular 
blocks occur among them. 

The underlying marine sands contain a number of fossils, 

* Tliat is from Andrate by Mongrando, Saluzzola, Cavaglia, and Caluso to the 
bridge over the OMusella. 

t Bulletin de la Boeuti geologique de France^ torn, vii. 2me serie, p. 554; PrO" 
fessor Pavre’s Meeker dies giologiques, tom. i. p. 169. The moraines of northern 
Italy are described by several geologists, as by Sig. Omhoni {Atti della Boo. ItaL 
di Scienzi naiurali, IS61) and by M. Mortillet op. et he. cit. 
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many of wHcli belong to species still liying in the Mediterra- 
nean. Out of ten shells which are said by MM. Martins and 
Gastaldi to be characteristic of these sands, eight are even 
now denizens of the neighbouring sea, one is doubtful, and 
only one is said to be extinct. 

Resting upon the sands occurs here and there an ancient 
alluvium, which is considered by Martins and Gastaldi to be 
of older date than the Alpine diluvium. This deposit has 
yielded remains of the mastodon, the rhinoceros, the hippo- 
potamus, the elephant, along with recent land and freshwater 
shells. The bottom of the marine sands is not always seen ; 
in some places, however, these beds may be observed resting 
upon the solid rocks of the Alpine districts, while in other 
places they repose upon certain loose accumulations of older 
Tertiary age. According to some Italian geologists, both the 
marine sands and the alluvium with bones belong to the 
Pliocene period, and are considered therefore to date back to 
preglacial times. 

In a recent publication,* however, Signor Gastaldi explains 
that he has termed these bone-bearing beds ^'pliocenio 
alluvia'' not so much because he wished to make them a 
constituent part of the Pliocene formation, but rather to dis- 
criminate them from the Alpine diluvium, which of course is a 
later accumulation. Besides the ''pliocenic alluvia,'' there 
occur at various places in northern Italy, as in the environs 
of Carignano, at Lanzo near Stura ; at Gifflenga in the valley 
of the Cervo ; at Boca, Maggiora, fee., certain beds of lignite 
'which the same eminent observer is inclined to consider as 
being the precise equivalents of the ossifei'ous alluvia; and he 
quotes the opinions of MM. Gomalla and Stoppani, wdio have 
no hesitation in saying that the lignites of Leffe (Gandino), 
in which occur remains of the elephant {E. meridionalis), 
the heaver, the emys, (not distinguishable from the recent 
Cistudo euTopea), deer, and goats, reallybelong to postpliocene, 
and not to Pliocene times. In short, as Professor Gastaldi 
remarks, the lignites rest upon Pliocene deposits, and are 
covered by diluvium, and thus occupy the same relative 
position as the Swiss lignites (Utznach, M^zikon, &c.), wRich, 

* ‘‘ Appunti sullallemoria delSig. J. GeiHe, On Changes of Olimate^ i-cV* Atti 
delle Meak AecacUmia delk Scienze di Torino^ Tol. viii. Aprile 1873. 
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it will be remembered, lie at the base of the Alpine 
diluvium. 

But while Professor Gastaldi is clearly of opinion that the 
Italian and Swiss lignites belong to one and the same age, 
he does not agree with Professor Heer that the Swiss lignites 
are interglacial, and objects to the suggestion which I had 
ventured to make,’'" namely, that the ossiferous beds of 
northern Italy mark an interglacial period. I feel somewhat 
sure, however, that if Professor Gastaldi were to study the 
Swiss deposits, he could come to no other conclusion than 
that arrived at by the eminent Swiss botanist. It is beyond 
question that the Swiss beds rest in some places upon true 
glacial deposits, upon unmistakable ground-moraine — L e. 
clay holding scratched stones and boulders. If, therefore, 
the Italian lignites be of the same age as those of Switzerland, 
they can only be referred to interglacial times. It is true 
that, so far as is known, no glacial deposits underlie the Italian 
lignites ; but the same is the case with not a few of the 
Swiss lignite beds, as for example those at Utznach, where 
the beds rest directly on highly disturbed deposits of Miocene 
age. The mere absence of underlying moraine-matter is no 
proof, therefore, that the Italian lignites are of preglacial age ; 
the Swiss lignites were supposed to be so, until at Wetzikon 
and Dlirnten they were found to repose upon a true erratic 
deposit belonging to post-pliocene, or glacial times. 

In the publication referred to I not only suggested the 
interglacial age of the ossiferous alluvia of Piedmont, but I 
even went so far as to state that the underlying marine sands 
might probably prove eventually to belong to interglacial 
times also. I was quite aware that this suggestion would 
appear bold to Italian geologists, and it was not without some 
trepidation that I ventured to express my views upon the 
subject. Nevertheless, holding as I did and still do, decided 
convictions concerning the great interval of time represented 
by the Swiss lignites, and by their equivalents, in northern 
and western Europe, I was prepared to risk the charge of 
boldness, in the hope that the whole subject would be 
thoroughly ventilated. In this hope I have not been dis- 
appointed. Signor Gastaldi, in a most interesting com- 

On Changes of Climate durmg the Glacial Bpoclu 
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miinicatioii to tlie Academy of Sciences, Turin, Has taken up 
tlie question. After giving Ms arguments tke careful study 
wMck tkey deserve, I am compelled still to dissent from liis 
views, iyMcH I tke more regret as it may appear presumptuous 
in me — ^wbose personal acquaintance with, northern Italy has 
only heen obtained during a few short holiday excursions— 
to differ from the opinion of one who has made that region a 
lifelong study. The question, however, is not one of the 
geological succession of strata. Tliere is no dispute as to 
what relative .position the marine sands’’ of Piedmont 
occupy. Tliey are clearly of older date than any recognizable 
morainic or diluvial deposits in northern Italy; and if it 
were simply a question of local geology, one could have no 
good reason for doubting their preglacial age. But then the 
question is not one of local geology alone; the Italian deposits 
must he considered in the light of the evidence derived from 
contiguous regions. If it be true that certain oscillations of 
climate accompanied the deposition of the glacial deposits 
and their equivalents in every region of the northern hemi- 
sphere in which these accumulations have been studied, it is 
not unreasonable to hope that in Italy also we shall find some 
indications of the same great world-changes. What then, let 
us ask, is the evidence furnished by the '' marine sands ” of 
Piedmont ? Do they afford us any definite proof that they 
are of preglacial age ? 

Of the shells which occur in these sands a certain percent- 
age are not known as living species. The great majority, 
however, still occupy European seas. My friend Mr. Etheridge, 
who has been kind enough to examine for me some lists of 
the fossils obtained fi‘om the marine sands which are exposed 
here and there at the base of the Alps between Lake Maggiore 
and the Ticino, tells me that in his opinion these deposits do 
not date back to so old a time as the Pliocene beds of 
England. It is difficult, however, to ascertain the proportion 
of living to extinct species in the Italian Pliocene, and the 
results obtained during the recent dredging cruise of the 
Porciipme* make it doubtful whether many of the shells 
which are now only known in a fossil state in these Italian 
Tertiaries may not eventually prove to be still living species. 

* Depths of the Sea, p. 183 et srjg. 
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Signor G. Michelotti, well known for his works on the 
Pliocene and Miocene faunas of Piedmont, examined for Pro- 
fessor Gastaldi a series of fossils from the marine sands at the 
base of the Alps, and informed him that not a single charac- 
teristic Miocene shell appeared amongst the number.* But 
even if it should eventually prove that the extinct or appa- 
rently extinct species in the so-caUed Pliocene sands at the 
base of the Alps are in the proportion of 20 or 30 per cent., 
stUl that will not prove these deposits to be of preglacial age. 
Nay, it would not even foUow from this that the yellow sands 
of Piedmont were accumulated at the same period of time as 
those English deposits that contain a similar percentage of 
apparently extinct species. The mode adopted by M. De- 
shayes and Sir Charles LyeU for ascertaining the relative 
antiquity of Tertiary deposits is no doubt most excellent, so 
long as the deposits we examine happen to form a more or 
less continuous series, and are confined to some definite 
geographical area. The Norwich Crag, for example, contains 
about 1 8 per cent, of extinct or apparently extinct species of 
sea-shells. Now, if certain other English Tertiary deposits 
are found to contain a greater percentage of extinct forms 
than this, it is legitimate to infer that these must be older 
than the Norwich Crag, just as on the contrary we should 
consider those beds to belong to later times which happen to 
exhibit a smaller number of extinct species ; for as Sir 
C. LyeU. remarks, “the greater number of recent species 
always implies the more modern origin of the strata.” But 
when we pass into a different geographical area, it is evident 
that although we there detected superficial accumulations in 
which the proportion of extinct to recent species was the 
same as in the Norwich Crag, still it would not follow that 
these accumulations had been deposited at the same time 
as the English beds referred to. We have to take into 
consideration the fact that marine faunas must in the course 
of time be subjected to very different conditions, and that, 
owing to geological and geographical changes, species 
characteristic of certain areas may die out and become extinct 
at a more rapid rate than the contemporaneous life-forms of 

* " Studu IGeoIogioi suUe Alpi Occidentali,” Jfm. tkl S. Oomitato Geohnico 
d’ Italia, vol. i., 1871. 
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otlier regions. Hence, deposits laid down at one and tlie 
same time in difierent latitudes and in separated districts, may 
come to envelope and contain assemblages of shells amongst 
which the proportion of extinct to recent species may vary 
indefinitely. And the difficult}^ of identifying contempora- 
neous deposits becomes the greater the nearer these approach 
in age to recent accumulations. In short, it may well be 
that the Newer Pliocene of one country may be either older or 
younger than the Newer Pliocene of another. We may con- 
clude, therefore, that the evidence supplied by the organic 
remains in the marine sands of Piedmont is not sufficient to 
prove that these sands are of preglacial age. 

But it will be said that, since the sands in question are 
overlaid hy the great moraines, they must necessarily date 
hack to preglacial times. Now this would certainly follow, if 
it could he shovm that these moraines mark the farthest 
limits reached by the glaciers during the climax of the glacial 
epoch. There are several considerations, however, which lead 
to the inference that the moraines referred to do not mark 
the southern limits of the ancient glaciation, but belong indeed 
to a more recent date. 

On the north side of the Alps there is distinct evidence to 
show that Switzerland experienced at least two glacial periods, 
separated by an intervening period of milder conditions. 
During the first cold period the glaciers increased to such an 
extent that all the ice-streams issuing from the mountain- 
valleys coalesced upon the low grounds to form one gigantic 
mer de glace that rose some 2,000 feet high upon the flanks 
of the Jura, Towards the north-east, the ice would a|)pear 
to have overflowed these hills, aud thereafter to have de- 
scended the Frick thal to the Ehine at a point some twelve 
miles below the confluence of that river with the Aar. How 
much farther west it may have gone we cannot say, but there 
is reason to believe that the Swiss mer de glace united with 
the glaciers of the Black Forest. Again, it is certain that 
from that part of the mer de glace which flowed to the south- 
west a great glacier crept outwards upon the plains of France, 
over the dreary Dombes, and descended the vaUey of the 
Rhone, as far at least as Valence, in the department of 
Drome. 
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Now it will readily 1)6 admitted that during the greatest 
extension of the ice on the north side of the Alps, gigantic 
glaciers must at the same time have filled all the mountain'* 
valleys of northern Italy. In proof of this, we are referred 
to the great moimnes of the Dora Baltea and those of the 
Dora Eiparia, and the similar heaps of debris which occur at 
the lower ends of all the great Italian lakes — Orta, Maggiore, 
Lugano, Como, Lecco, Isea, and Garda. These moraines 
indicate, no doubt, the former presence of very large ice- 
streams, yet it is hardly conceivable that they can be the 
equivalents of the old gmn&mordnen of the Swiss low 
grounds. When we picture to ourselves the condition of 
Switzerland and the adjoining tracts of France and Germany 
during the climax of glacial cold — when we think of the 
Ehone glacier after its egress from the low grounds of 
Switzerland, flowing for ISO miles out upon the plains of 
France — when, further, we conceive of its northern branch 
uniting with the glaciers of the Ehine and its tributaries, and 
thereafter pouring over the end of the Jura to coalesce with 
the ice-fields of the Black Forest, it is impossible to believe 
that on the southern side of the Alps the glaciers could have 
been, comparatively speaking, so insignificant, that they never 
succeeded in getting well out of their mountain-valleys. The 
more southerly latitude of Italy will not enable us to explain 
this anomaly. 

It is perfectly true that the present glaciers on the south 
side of the Alps are quite insignificant when compared to 
those occupying similar positions in Switzerland, and during 
the climax of the glacial epoch it is more than likely that the 
Swiss glaciers would much surpass those of Italy in importance. 
Still, those geologists who consider that Sahara existed at that 
time as a vast inland sea, will perhaps admit that the differ- 
ence between the climates of the opposing slopes of the Alps 
would not then be so marked as it is now. We may, indeed, 
believe that the Italian glaciers would be arrested in their 
downward course sooner than those of Switzerland, yet the 
vast extent of the latter indicates a former intensity of. cold 
which must needs have given rise to glaciers in Italy of even 
greater magnitude than those that occupied the lake-basins, 
and dropped their superficial moraines on the low grounds 
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beyoni In sliort, Tire are led to infer that ^lien the Ehone 
glacier was depositing its moraines in the plains of France, 
the glaciers of the Dora Riparia and Dora Baltea must haye 
advanced far beyond the months of their moimtain-valleys, 
and may have even traversed the plains of Piedmont, and 
abutted upon the hills of Turin. 

I am well aware that there are no deposits on the plains of 
Piedmont which can be referred to this great extension of the 
glaciei's, and so far there is no direct and positive evidence in 
favour of such an extension. But the great valley of the Po, 
like that of the Danube, and that of the Rhine between the 
Yosges and the Black Forest, is everywhere covered by river 
deposits of comparative recent origin. It is quite possible, 
therefore, that a deposit of movoAfm ^yTofonde or till may lie 
concealed at a greater distance from the Alps than the con- 
spicuous moraines of the Baltea, &c. No inference can be 
draAvn either one way or the other from the fact that no terminal 
moraines are loiown to occur farther south than the mouths 
of the Alpine valleys in Italy. Terminal moraines do not 
exist on the plains of Germany or the low grounds of France 
to mark the limits reached by the ice during the coldest 
period of the glacial epoch ; yet it is not unlikely that the 
Scandinavian ice-sheet reached into northern Germany, and 
the Rhone glacier certainly flowed south as far as the low 
grounds of Dauphiny. 

The slopes of the Moncalieri-Yalenza Hills are sprinlded 
with boulders and large erratics of Alpine rocks, which were 
at one time supposed to have been carried across Piedmont 
by the 5?ee of the glacial epoch. But subsequent and more 
detailed observations* have led Gastaldi to the opinion that 
the blocks in question are merely the denuded wreck of cer- 
tain great beds of conglomerate belonging to the Miocene 
formation. No one Trho has visited the ground is likely to 
dispute this conclusion. One sees embedded in the Miocene 
conglomerate large erratics of precisely the same character as 
those that are lying loose on the hill-slopes ; and the con- 
clusion seems irresistible that these latter are but the relics 
of those portions of the conglomerate which the denuding 

* Sagli Kkmenti elie compongono i Conglomerati Mioceni del Piemonte ; 
Memofia idla MmU Acca^emiu idle Scienze di Tarinoj serie ii. yoL xx. 
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forces liave carried away. At tlie same time, it must be 
remarked that if the glaciers, during the glacial epoch, ever 
did reach the Hills of Turin, the erratic blocks which they 
must then have left behind 'would now be indistinguishable 
from the denuded remains of the older erratic formation which 
Gastaldi has clearly shown to be of Miocene age. 

While, therefore, it must be admitted that there is no 
positive evidence* to show that the Italian glaciers ever 
crept farther south than the limits reached by the terminal 
moraines which now circle round the mouths of the Alpine 
valleys, it is on the other hand equally true that no proof is 
forthcoming to show that they did not. We are not, how- 
ever, without some indirect evidence in favour of the great 
extension "which I have inferred. 

Let me ask the reader to go back with me in imagination 
to the Miocene period— that period wiiich preceded in time 
the Pliocene, and during wiiich the great conglomerates of 
the Moncalieri Hills were deposited. At that time the Adri- 
atic Sea extended up the valley of the Po, and in all pro- 
bability communicated with the Mediterranean across that 
low’’ range of hills which now serves to comiect the Maritime 
Alps with the Apennines. The Alpine valleys then formed 
long fiords, and the wwes rose high on the northern slopes 
of the Apennines. Such conditions w^ere maintained during 
many long ages, so as to allow vast heaps of sediment to 
gather upon the bed of the old sea. In some places these 
accumulations now’’ form considerable hills. We find them 
fringing the northern flanks of the Apennines, t and extend- 
ing in unbroken succession from Moncalieri to Valenza, form- 
ing those great deposits of conglomerate (and associated beds 
of gravel, sand, and marl), of which I have already spoken. 
An examination of these dejDosits shows that they have been 
derived from the degradation of the Alpine mountains. The 

^ It seemed to me, however, that the mountains behind Homaglio (Val 
d’ Aosta) were glaciated at least half way up from the surfaceof the great lateral 
moraine to their summits. If this he so, then the glacier that flowed at that 
level must have attained greater dimensions than the glacier which brought 
-down the lateral moraine that extends from Andrate to Cavaglia. The glaciation 
at the higher level was much less distinctly marked than that at and below the 
summit level of the moraines, indicating that the former was probably efiected at 
, a much earlier age than the latter. 

^ t They occur also npon the southern slopes of that range, but I confine atten- 
tion to the valley of tbe Po. 
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sea in wMcli tliej gatliered washed’ the base of the Alps, 
and extended into the great yalleys. But although this must 
have been the case, yet it is remarkable that no trace of 
niioeene deposits can be anywhere detected along that 
ancient coast-line between Lake Maggiore and the River 
Ticino. We cannot doubt that at the time the thick beds 
of conglomerate, gravel, sand, &c. (which are so conspicuous 
in the Moncalieri-Valenza Hills, and wdiieli occur in those 
hills at a higher level than the base of the Alps) •were being 
deposited, similar materials were also gathering on the sea- 
bottom along the shores of the northern mountain-land. Yet 
BO trace of these exists. Again, it is to be noted that while 
the Pliocene sands that fringe the Moncalieri-Valenza Hills 
rest upon deposits of Miocene and Eocene age, yet the Plio- 
cene of the Dora Baltea and the Sessia recline upon the solid 
rocks of the mountains. It is clear, therefore, that before the 
Pliocene beds were laid down, the pre-existing Miocene and 
Eocene deposits had been removed. In short, it is evident 
that after the close of the Mocene loeriod, and before the 
yellow marine sands of Piedmont were accumulated, there 
must have been enormous denudation along the base of the 
Al|)ine mountains. Whether this great erosion is to be 
referred in chief part to the action of gigantic glaciers I do 
not say, but it is difficult to find a simpler and more satis- 
factory explanation. 

Reference has already been made to the fact that, with 
two remarkable exceptions, all the great mountain-valleys of 
northern Italy contain lakes at their lower ends. But no 
lake occurs at Rivoli, and no large sheet of water, but only 
two inconsiderable lakelets, appear opposite the mouth of the 
Yal d’ Aosta. Now, it does appear singular that just where 
we might have expected large rock-basins to appear, wm 
should find nothing of the kind. If glaciers dug out the 
basins of Maggiore, Garda, and the other lakes in Italy, and 
those of Constance, Lucerne, Zurich, &c., in Switzerland, why 
should not the colossal glaciers of the Yal d’ Aosta and the 
Dora Riparia have excavatecl similar hollow^s near Ivina and 
Rivoli ? The answer is that they did do so, but the basins 
so scooped out wnre subsequently filled up again with 
aqueous deposits. 
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Since I ventured tliis suggestion to explain tlie absence of 
a roclv-basin at Ivrea, Signor Gastaldi has reinvestigated tbe 
matter, and now gives it as liis opinion that such a buried 
roclv-basin does really exist, and that portions of it are still 
visible in the little lakes of Candia and Viverone. He thinks 
that the basin is of no great depth, as the rocks in which it 
has been excavated are of a more durable character, and must 
therefore- have yielded less easily to erosive action than those, 
which contain the great lakes of the other valleys of northern 
Italy* As the great glacier slowly retired up the valley of 
the Bora, the river swept dowm vast heaps of gravel, sand, 
and silt (diluvium), with which it gradually filled up the 
ancient lake. 

To diw these scattered remarks together, I shall now, in 
a few j)aragraphs, endeavour to correlate the Swiss and Italian 
dejDOsits : — 

1. At the period of most intense cold all the Alpine val- 
lej'S were filled wdth glaciers, wdiich in some cases reached a 
depth of 2,000 ft., and even more. These coalesced upon 
the low^ grounds of Switzerland to form a great mer de glace, 
from which twm principal ice-flows extended — the one into 
the valley of the Rhine, where it became in all probability 
confluent with the glaciers of the Black Forest ; the other 
into the low grounds of France, over w^hich it advanced as 
far south as Valence, in the depjartment of Drome, a distance 
of 130 miles, at least, from Geneva. At the same time, 
great glaciers swept nortlwards by such valleys as those oi 
the Iller, the Lech, the Loisach, the Isar, the Inn, &c., and 
became confluent in AVlirtemberg and Bavaria ; while vast 
glaciers descended the southern valleys of the Alps into the 
plains of northern Italy. There is no positive evidence 
forthcoming to show how far the latter invaded these low 
grounds, but taking into consideration the colossal propor- 
tions attained by the glacier of the Rhone, it is not impro- 
bable that the Italian glaciers may have crossed the valley 
of the Po so as to abut upon the Hills of Turin, a distance 
from the base of the Alps^of only 25 miles, 

2. Owing to a change of climate, the ice gradually melted 
back until it had retired from the low grounds, and shrunk 
into the deep mountain-valleys. During this retreat great ‘ 
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perdied blocks were stranded along tlie mountain-slopes, and 
masses of sand and graTel were stream over all tlie low grounds 
to which, the water from the melting ice had access. 

S. The climate becoming still more ameliorated, Switzer- 
land assumed a vegetation similar to that which now charac- 
terizes it ; while at the same time the elephant, rhino- 
ceros, urns, and other animals, became denizens of the 
country. On the south side of the Alps, similarly, a strong 
forest growth sprung up, and numerous mammalia inhabited 
the land. [The deposits containing these remains rest upon, 
and are therefore older than, certain beds of sand of marine 
origin, which Italian geologists recognise as being of Pliocene 
and preglacial age. The fossil contents of these sands, how- 
ever, do not demonstrate their preglacial age. So far as 
direct evidence goes, there is nothing to show that the sands 
may not be, to some extent at least, of interglacial age.] 

4, The climate again becoming cold, the glaciers began 
another advance. Large rivers flowed down the valleys, and 
distributed vast heaps of gravel and sand, just as they had 
done during the retreat of the earlier glaciers. These 
deposits gathered over the site of the ancient forests in 
Switzerland, and rested on the marine sands and ossiferous 
alluvia of Piedmont, spreading far and wide over the whole 
valley of the Po. Eventually, the glaciers themselves crept 
out upon the low grounds of Switzerland, overriding the river- 
gravels and ancient forests, and dropping their moraines often 
miles below the lower ends of the lakes, as at Spreitenbach, 
in the valley of the Limmat, and below Mellingen, in the 
valley of the Reuss. At the same time, the glaciers that 
occupied the Italian valleys deployed upon the low grounds at 
the base of the Alps, and deposited their moraines above the 
great gravel beds that rest upon the marine sands. 

5. Finally, the glaciers again retired, until at last they 
assumed their present proportions.* 

* The foregoing portion of tixis chapter stands as it appeared in the ‘^Appen- 
dix of the last edition— -only a few trifling verbal alterations having been made. 
The succeeding paragraphs contain an account of some recent investigations 
which show that my conclusions as to oscillations of climatic conditions having 
obtained in northern Italy during the accumulation of the so-calleL Pliocene 
beds, are, to some extent at least, home out. WTiile the question is still siib 
jndke I have not thought it advisable to incorporate the new material with the 
old, and have therefore merely summed up the results of the most recent obser- 
vations in the paragraphs that follow. 
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Some recent anomalous discoveries in the neighbourhood 
of Como, which have given rise to considerable discussion in 
Italy, must be noticed here, as they may yet throw much 
light on the relation of the so-caUed Pliocene strata to the 
older glacial accumulations on both sides of the Alps.’ 
Towards the end of 1873 Dr. Casella of Laglio found in a 
gravel pit, near the station of Cucciago (Milan and Como 
Railway), a great many sea-shells of the same species as 
that occur in the Pliocene strata. This gravel pit lies within 
the great amphitheatre formed by the large moraines that 
rise to the south of Camerlata. Shortly afterwards similar 
discoveries were made by the Marchese Rosales-Cigalini, not 
far from the same place ; at Ronco, namely, in the neigh- 
bourhood of Cassina Rizzardi. At this locality the shells 
were commingled in the same deposit with striated stones 
(some of which had been drilled by boring-molluscs), and with 
disc-shaj)ed pebbles. Subsequently, during the operations 
connected with the new railway between Chiasso and Men- 
drisio, the cuttings exposed complete sections, not only of 
the moraines and the underlying Pliocene marl beds, but 
even laid bare the Cretaceous strata upon which the latter 
rest. Now in several of the sections thus laid open, Pro- 
fessor Stopanni''^' observed that striated stones were not con- 
fined to the moraines, but appeared likewise in the under- 
lying Pliocene clay, which was well stocked at the same time 
with its characteristic shells. 

No doubt is expressed by the Italian geologists that the 
shells really belong to the so-called Pliocene. Out of fifty- 
three species obtained from Cassina Rizzardi, the late Signor 
Spreaficof found that thirty-one were extinct, twenty were 
still living in the Mediterranean, and two in tropical seas ; so 
that if we com23are the shells with those that occur in the 
Subaippenine strata, we connot refuse to class them as of the 
same age. 

Professor Stopannfis observations are supported by those 

*** ‘‘II mare glaciale a’ piedi delle Alpi,” 1874 ; “ Sui rapporti 

del tepeno glaciale col pliocenico nei dintomi di Como,*’ Atti della, 80 c. Ital, di 
Scienzi Maturaliy Yol. xyiii., fasc. ii., 1875. An excellent resume of the Yiews held 
by Italian geologists is given in Prof. Riitymeyer’s memoir, Ueher FUocen und 
Msjjeriode uuf heiden Seiten der Alpen, Basel, 1876. 

t “ Concbiglie marine del terreno erratico di Cassina Eizzardi,” della Soo, 
Ital. di Scieme Naturali^ 1874. ■ 
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of a well-known Swiss savant, M. Desor, wlio, after a detailed 
examination, concludes^ that the shells are not accidentally 
mixed with the moraine-matter, but that the molluscs actually 
lived and died "where their shells are now found, and w'ere 
buried under morainic debris dropt upon them by a glacier. 

From these obseiTations Stopamii and Desor infer that 
during the formation of the marine Pliocene the old Adriatic 
Sea covered all the low grounds of northern Italy, and 
extended into the deep valleys of the Alps, down which 
crawled large glaciers which eventually entered the sea and 
vshot their morames upon its bed. At the same time, accord- 
ing to Stopanni, the elephants, rhinoceroses, deei', and other 
animals, whose remains are found in the lignite of Leffe and 
other places, wandered along the shores of the old sea "which 
then laved the foot of the Alps. 

These views are opposed by Signor Gastaldi,t who points 
out with much force that throughout the whole of Piedmont 
the marine Pliocene deposits are separated from the overlying 
moraines, opposite the mouths of the Alpine valleys, by a 
great thickness of shingle and gTavel beds which he calls 
“ Alpine diluvium,” and which he believes is unquestionably 
the product of river-action. The old lignite beds, he further 
maintains, are intermediate in age between the Pliocene 
marine beds on the one hand and the Alpine diluvium on 
the other. He is inclined to admit, however, that the inter- 
mingling of striated stones and Pliocene shells in one and the 
same deposit points to the former existence of glaciers, pro- 
bably small ones, in the Pliocene age. But the advance of 
the great glaciers which thre-^v do"wn the huge moraines of 
Eivoli, Ivrea, Cameiiata, &c., was separated from the period 
of the small glaciers of Pliocene times by a prolonged con- 
tinuance of terrestrial conditions. The bed of the old Plio- 
cene sea had been upheaved- — -a rich Yegetation had covered 
the new land — elephants and their congeners had become 
denizens of Piedmont and Lombardy — then by-and-by a 
period of flooded rivers had supervened, and immense 
deposits of sand, gravel, and shingle had been swept down 

*Zel^a}jsageMoraimqtie,VsLX\s^\%lo. 

t Sur les glaciers piiocemque de M. E. Desor/ ^ Aiti della M, Accademta delk 
Scieme di Torino^ yoL x. 
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tlie Alpine valleys and scattered far and wide over tlie plains 
of the Po, — all this had taken place before the last colossal 
glaciers deployed upon the low grounds of northern Italy. 

Another objection which might fairly be urged against the 
conclusions arrived at by Stopanni and Desor is based upon 
the character of the marine fauna of the Pliocene. The shells, 
there can be no doubt, indicate a warm sea — warmer pro- 
bably than the present Mediterranean. According to the 
researches of Signor F. Sordelli,'^ ninety-eight species have 
been recognised among the shells which occur in the morainic 
gravel and sand at Cassina Rizzardi, Ronco, and Bulgaro 
Grasso. Of these, forty-seven still live in the Mediterranean, 
two in tropical seas, while forty-eight are apparently extinct. 
Again thirty-two are common to the Atlantic and the Medi- 
terranean, but only five of these range northwards, while 
twenty are found in tropical waters. Not one of them is 
arctic. While the genial conditions which are implied by 
such an assemblage of molluscs prevailed in the sea at the 
foot of the Alps, it is difficult to believe that colossal glaciers, 
at the same time invaded the old Adriatic, and dropt their 
morainic debris on the shells lying scattered over its bottom. 
We are reminded, however, that somewhat similar conditions 
obtain in New Zealand with its tropical-like vegetation, where 
considerable glaciers descend to the neighbourhood of the 
warm Southern Ocean. But to this it may be replied that 
the geographical conditions of Italy and New Zealand are 
verjT- dissimilar. Waiving such an objection, however, we might 
still ask why it is that glaciers as large or even larger than the 
old ones of the Dora Riparia, the Stura, the Dora Baltea, &c., 
do not even now exist on the south side of the Alps ; for 
these mountains are higher, relatively to the sea, by some 
400 metres, than they were at the time the Pliocene marine 
beds of Lombardy were being deposited. Can it be believed 
that the mere ■ submergence of the valley of the Po would 
suffice to feed the snow-fields on the south side of the Alps 
to such an extent as to cause the glaciers to assume the 
gigantic dimensions reached by those which piled up the 
great moraines of Ivrea and other places ? 

I come now to notice certain observations made by Pro- 

^ fauna marina di Cassina Eizzardi,” Atti della Soc. Ital. Be. Wai., 1874. 
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fessor Rlitymej-'er,'^ during a recent Tisit to nortliem Itaty. 
Unfortunately, tlie sections wMcli were at one time well 
exposed at seTeral spots between Cassina Rizzardi and Fino 
bad been covered up before Ms arrival, but be was able to 
examine some sections at Ronco. He describes tbe deposits 
at one place as consisting of fine sand witb layers of rounded 
stones that vary in size from pebbles like bazel-nuts and 
walnuts up to blocks one or two feet in diameter. Gom- 
niinuted fragments of shells were scattered through all the 
beds, but were most plentiful in the sand. No scratched 
stones were observed; but the place was surrounded by 
moraines. At another place close to the last, he noted shells 
and scratched glacier-stones, some of which had been drilled 
by boring molluscs.’' The whole country, Riitymeyer remarks, 
bears the impress of the former presence of glaciers in so 
apparent a manner that one cannot hesitate to attribute to 
these a chief part in that anomalous commingling of Pliocene 
shells and striated stones which has so puzzled geologists. 

That the shells do not occupy the place where the mol- 
luscs lived and died is evident from the fact that they all 
exhibit more or less manifest traces of having been rolled 
about and brought from a distance ; perfect shells are rare, 
and the stones bored by lithodomi have subsequently been a 
good deal worn and rubbed. The shells belong to species 
which, according to Sordelli, could not have lived together 
side by side in the same place where we now find them — for 
while some of the molluscs aftected a clay bottom, others 
preferred rock, &c. What is still more worthy of note, the 
shells are filled with blue marl or clay — a deposit which does 
not occur in the neighhourhood — the matrix in which the 
shells now lie embedded consisting of sand. Sordelli is of 
opinion that the deposit in which the shells occur is re- 
modelled morainic matter. From these and other observations 
it is evident that the Cassina Rizzardi deposits have been 
derived from two sources — one being a littoral formation of 
Pliocene age and the other a glacial accumulation, whose con- 
stituent elements got mixed up at the time when the last 
great glaciers descended to the valley of the Po. 

Rutymeyer describes a section exposed in the railway- 

‘ * V'eher FMocm md JBisperiode, &e. 
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cutting between Mendrisio and Balema where older Tertiary 
(Eocene) strata are capped by a thick mass of true moraine. 
This was a tumultuous accumulation of rolled stones of all 
sizes up to large boulders, many of them being smoothed 
and striated, embedded in a tough grey or blue and often red 
clay. This boulder-clay rested upon and appeared to gra- 
duate down into an unfossiliferous finely laminated clay 
which contained a few stones scattered through it. Although 
the leafy clay closely resembled a similar deposit containing 
Pliocene shells that lies at the base of the moraines of Ponte- 
gana on the banks of the Breggia, yet Eiitymeyer could see 
no reason for concluding that the former was of Pliocene age. 
On the contrary, both the leafy clay and the overlying 
morainic matter apjpeared to him to be exclusively of ter- 
restrial glacial formation. He concludes, therefore, that this 
well-exposed section lends no countenance to the belief that 
the great glaciers whose moraines now cumber the plains of 
the Po opposite the mouths of the Alpine valleys were con- 
temporaneous with the old Adriatic Sea of Pliocene times. 

In the same memoir he enters at length into the evidence 
furnished by the lignites and other mammaliferous deposits 
on both sides of the Alps for the purpose of ascertaining the 
relation borne by the Pliocene to the glacial epoch, and comes 
to the general conclusion that in the present state of our 
knowledge no hard and fast line can be drawn between these 
two periods. From early Pliocene times onward we have proofs 
of a continuity of terrestrial conditions over a wide region 
in Europe. And in the long lapse of time represented by the 
Pliocene and post-pliocene deposits — a period during which 
considerable changes in the mammalian fauna were taking 
place— glaciers now and again descended to the mouths of 
the great Alpine valleys. How well these conclusions har- 
monize with the results obtained from a study of our own 
glacial and interglacial accumulations will appear in the 
sequel. 
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Glaciation of tbe nortliern regions.-— The Barren Grounds. — Profusion of lakes. 

■ — Oldest glacial deposits. — Unmodified drift, or till. — Scratched pavements 
in till. — Marine arctic shells in boulder-clay of maritime districts. — Inter- 
glacial deposits.^ — ^Extent of tbe glaciation of North America . — Yiews of 
I)ana, WincheU, and Newberry on the mode of origin of unmodified 
deposits.— Whitney on “driftless area.’* — ^Interglacial age of ‘‘Forest-bed.” 
— Succession of changes alter formation of Forest-bed. — J. D. Dana on the 
floods in postglacial or late glacial times, — Drift of the forty-ninth parallel 
not marine. — Gravel and sand mounds, ridges, &c. — Limits of submergence. 
—Glacial lake-terraces in White Mountains. — Laminated clays with marine 
arctic shells.— Local moraines. 

I T would be interesting to ascertain bow far the results 
obtained from an e-xamination of British, Scandinavian, 
and Airline glacial deposits, harmonize with what maj’’ be 
learned from the records of the glacial epoch in other 
European districts, as in the Pyrenees and the Carpathians, 
but these districts have not yet been studied in sufficient 
detail. Tbe day is no doubt coming when it will be possible 
to correlate the glacial deposits of such mountain areas with 
those of better-known regions. Xay, the student of glacial 
geology may even look forward to a time when it will be 
possible to compare in detail tbe relics of the lee Age that 
are known to occur in northern Asia with the similar accu- 
mulations in Europe. But if we are as yet imperfectly 
acquainted with the superficial deposits in the northern 
latitudes of Asia, it is otherwise with those in the corre- 
sponding regions of North America. ■ The literature of 
American glacial geology is already very extensive, and every 
year is adding to its Wlk. Much light has been thrown 
upon the whole question of these researches, and the conclu- 
sions arrived at must he carefully studied by geologists on 
this side of the Atlantic if they would seek to gain an ade- 
quate conception of those great revolutions of climate that 
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siiperTeiied in our liemispliere during the glacial epoch. In 
the following slight sketch, howeyer, I will not attempt to do 
more than place before the reader what seems to have been 
the general succession of events. 

It is no exaggeration to say, that the whole surface of 
North America, from the shores of the Arctic Ocean to the 
latitude of New York, and from the Pacific to the Atlantic, 
has been scarped, scraped, fiirrovyed, and scoured by the 
action of ice. The ice- worn rocks of Labrador, Canada, the 
Northern States, and British Columbia, have been examined 
and described by many specialists ; but, so striking are the 
appearances presented, that they have not failed to arrest 
the attention of other observers in those desolate regions of 
the far north ^¥hicll have been but seldom traversed. No 
geologist can read the accounts of the Barren Grounds to 
be found in the writings of Franklin, Richardson, Back, 
and others, without recognising everywhere the evidence of 
ancient glacier-action. If Richardson had been a pi'ofessed 
glacialist, he could hardly have described in more expressive 
language the aspect of the ice-worn tracts traversed by him 
in company wdth the hapless Frankhn,^ Everywhere we 
meet with references to '"round-backed ridges,’V"" very obtuse 
conical hillocks,’' " bare, rounded masses of granite and 
gneiss,” "land-locked sheets of water,” &c. Many years 
afterwards, wdien this traveller once more threaded his w^ay 
through the Barren Grounds, he did not fail to observe also 
the furrows and scratehings upon the harder rocks.t Another 
observant traveller, Captain Back, who followed the course of 
the Great Fish River (Back’s River) down to the Arctic Sea, 
gives the following graphic sketch of a scene on the skirts of 
the Barrens : as a faithful picture of a highly ice-worn surface, 
it might have been drawn by a glacialist himself. "There 
w^as not . the stern beauty of Alpine scenery, and still less the 
fair variety of hill and dale, forest and glade, which makes 
the charm of a European landscapa There was nothing to 
catch or detain the lingering eye, which wandered on without 
a check over endless lines of round-hacked rocks, whose sides 
were rent into indescribably eccentric forms. It was like a 

* ITa^rathe of a Journey to the Shores of the Folar Sea in the yeaH 1819 - 22 . 

t Journal of a Boat Voyage through Buxm't's Land, • . - 
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stormy ocean suddenly petrified. Except a few tawny and 
pale green lichens, there was nothing to relieve the horror of 
the scene.” 

But the rounding of the rocks is not the only modification 
effected by the grinding of land-ice, Not only are sharp 
edges and projecting points smoothed away, but hollows are 
scooped out in the solid rocks. The lakes and sea-lochs of 
Scotland and Scandinavia, the innumerable lakes of Finland, 
and those of Switzerland and Italy, are both far outnumbered, 
and far surpassed in extent also, by the freshwater seas (for 
such not a few are) of North America, lakes are profusely 
distributed over the Avhole vast tracts that drain into the 
St. Lawrence, Hudson's Bay, and the Arctic Ocean, and they 
are equally abundant in Labrador and Newfoundland. By 
far the great majority of these lakes must own their origin 
directly or indirectly to the grinding pownr of ice — for the}^ 
either rest in rock-bound hollows or are dammed back behind 
irregular ridges of glacial deposits. 

But if the glaciated aspect of North America is only that 
of Europe on a larger scale, we shall find a no less close 
correspondence between the superficial accumulations of the 
two continents. The lowest glacial deposit recognised by 
Canadian and American geologists is ‘'unstratified boulder- 
clay/' unmodified drift,” or “ hardpan.” In some places 
this deposit is found to overlie beds of sand, gravel, and clay. 
Generally speaking, however, the "‘unmodified drift” appears 
to rest directly upon the rocks, which are polished and 
striated below it. But over wide regions in the Barren 
Grounds and Labrador, the lowest number of the drift series 
appears to be entirely absent, or rests in patches among the 
hollows of ice-worn hummocks and hills. Considerable tracts 
of it, however, seem to occupy the low grounds upon the 
western borders of Hudson’s Bay.t In Labrador it appears 
not to be very plentiful. Dr. A. S. Packard says : — “Nowhere 
did I see on the coast of Labrador any deposits of the original 
glacial clay or unmodified drift. Upon the sea-shore it has 
been remodelled into a stratified clay; and the boulders it 

^ Arctic Land Expeditim to tJio Month of the Great Eish Elver," 

p. 178. 

t .Marratim. of a Lourmy to the Shores of the Eokr Sea (Franklin and Eickard- 
Bon), p. 499* 
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once contained now form terraced beaclies.”* * * § Professor Hind, 
however, mentions its occurrence capped by sand, and form- 
ing banks rising seventy feet above the level of the Moisie 
Eiver, twenty miles from its mouth/' It is well developed 
in Canada, where, according to Professor Dawson, it assumes 
the character of a hard grey clay, filled with stones, and 
thickly packed with boulders/' The stones and boulders are 
often scratched, and the whole deposit is usually devoid of 
stratification, t Thick masses of it are encountered in Maine, 
where it presents precisely the same character as in Scotland, 
— a tough, unstratified clay, crammed with angular and sub- 
angular, smoothed and striated stones. In the State of New 
York it is described as ''sometimes loose, but frequently 
partially aggregated by argillaceous matter, that renders a 
pick necessary to dig itPt Mr. "Whittlesey also makes fre- 
quent reference to its occurrence in Michigan and Ohio, 
where it is described as a firmly-compacted "mixture of 
clay sand, and gravel, or fragments of rocks in a confused 
or imperfectly stratified condition, which is locally known 
as ' hardpan.' " § A similar account is given of the Illinois 
glacial drift by Professor E. Andrews, |( and, scattered through 
the various admirable Eeports of the State Geologists, nume- 
rous descriptions will be found that tally with the foregoing. 
Professor Winchell describes the " hardpan " of the North- 
west States as " a heterogeneous mixture of clay and gravel- 
stones with boulders of northern origin. It is nearly 
impervious to water, and occasionally, but rarely, shows a 
rude arrangement, in alternating bands, as if, in a plastic 
state, it had been folded upon itself." The contained boulders 
are almost always glaciated, and, although disseminated 
through the whole mass, are apt to be most abundant towards 
the bottom, where sometimes the boulders are exceedingly 
numerous and associated with much gravel. Occasionally 
the "hardpan" rests upon more or less regular boulder 
beds or accumulations of gravel and sand, and when such is 

* On the Glacial Phenomena of Labrador and Maine. 

‘‘Kotes on the Post-pliocene Geology of Canada”: Canadian Matter alisit 
Mew Series, vol. vi. , 

t Geology of Meio Torh, part iv. p. 160 (Prof. 'W. Mather). 

§ Smithsonian GontrihiUons to Knowledge^ Tol. xv. 

\\ Amer kail Joimial of Science 'sjmi. *16. 
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tte case tlie underlying rock is not generally well glaciated. 
Sometimes lenticular masses of gravel, sand, silt, &c., are 
enclosed in the '' liardpan.^' The general character of the 
deposit varies somewhat in difterent regions. Thus, for 
example, ''in north-western Ohio it is very close and clayey, 
the upper part being free from boulders and stones. In 
central Minnesota, however, the stones and boulders are more 
generally disseminated throughout the whole, and it shows 
much more sand/’* 

The somewhat rare phenomena of "scratched pavements” 
in the till have also been observed in North America. Pro- 
fessor 0. N. Stoddard refers to an excellent examj)le in the 
till of Miami. The upper surfaces of the embedded stones 
were all striated in one and the same direction, but when the 
boulders were picked out of the clay, their other sides showed 
scratches running in different directions, f 

In the interior of the country the "unmodified drift” is 
quite imfossiliferoiis, but in certain maritime districts it 
appears to have yielded marine organic remains. This, 
according to Principal Dawson, + is the case in the lower part 
of the St. Lawrence Eiver. Farther up in the vicinity of 
Montreal, however, it has not been observed to contain fossils. 
From Professor Dawson’s description of the fossiliferous stony 
clay, that deposit would seem to be analogous to the shelly 
boulder-clay of maiitime districts in Scotland, and to the 
like accumulations in Ireland and England. 

Another interesting feature in the American glacial de- 
posits, is the occurrence of intercalated and subjacent fossili- 
ferous beds. These are passed through frequently in sinking 
wells and pits, and in digging foundations. They occur 
chiefly in the North-western States — Illinois, Ohio, Indiana, 
Wisconsin, Iowa, and Minnesota. A few brief notes w^ill 
illustrate the general phenomena. 

Some of the most interesting discoveries of buried forests 
and forest debris have been made in Illinois. The following 

* “ The Drifc-Deposits of the Kortli- west ” (K. H. 'Wiiichell), Foimlar Seience 
Monthly^ 1873 ; see also Ammal Reports of the Qeologkal and Natural History 
Survey of Minnesota iox and 1873; Meport of the CteoUgieal Survey of Oh iOt 
Tol. ii., claapter xxs. 

t Ameriem Journai of Science (1859), toI. sxviii. p. 227. 

,% Notes on the Post-pliocene Geology of Canada,’' Canadian MaturaUst, New 
Series, vol. Ti. 
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section, for example, "was obtained* during the sinking of a 
coal shaft at the city of Bloomington in that State 


Ft. 

1. Surface soil and brown clay 10 

2. Blue clay . - 40 

3. Gravelly bardpan . . ... . . 60 

4- Black mould, with pieces of wood, fee. . . . 13 

5. Hardpan and clay . . . . . . . 89 

6. Black mould, &c. . 6 

7. Blue clay 34 

8. Quicksand, buff and drab in colour, and containing 

fossil sheila . . 2 

Clay shale (Coal-measures), 


254 

Similar plienomena liave been noted by the State geolo- 
gists in many other localities in the same region. Thus in 
Perry County Mr. Worthen describes' the occurrence of a blue 
mud with leaves and sticks which occurs below the main 
mass of drift clay. ''Its average thickness/’ he says, "can- 
not be definitely stated, for when it was found in digging for 
water the well was generally abandoned as soon as this de- 
posit was reached, because the partly decomjiosed vegetable 
matter which it contained rendered the water unfit for use. 
It appears to be composed, in good part, of vegetable matter 
consisting of leaves and partially decayed wood, embedded in 
a muddy sediment, and has been penetrated in some jdaces 
to the depth of five to ten feet. It usually lies at the 
bottom of the drift deposits, but at one point in Jackson 
County it was underlaid by a bed of sand two or three feet 
in thickness.” In Woodford County a similar accumulation 
of peaty matter was found at a depth of about 65 ft. below 
50 ft. of hardpan. From this fragments of wood were ob- 
tained which Professor Lesquereux identified as belonging to 
the following species : — American white birch, black or 
double spruce, American larch or tamarack, and one variety 
of cedar. Mr. Worthen states that in Perona a shaft struck 
a " black mucky soil with limbs of trees,” at the depth of 
145 ft. This peaty bed was two feet in thickness and rested 
upon boulder-clay. The overlying drift consisted of coarse 
sand, gravel, and boulders, and a clayey bed 48 ft. thick of 
alternating layers of sand and gravel with boulders. Many 
other similar references to the occurrence of peat and frag- 

^ Geology of Illinois^ vot iv; p. 179 . The “ shells ’’ are of freshwater species. 
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merits of wood imderneatli or intercaleated among tlie drift 
deposits of Illinois, and sometimes occurring in the liardpan 
itself, are recorded in the reports of the Geological Suryey.^ 

In the State of Indiana a mud bed filled with leaves, twigs, 
and trunks of trees, and locally known as '^Noah’s barm 
yard,’’ is frequently met with at various depths from the sur- 
face underneath the drift. In one place at least the peat 
contained numerous roots of trees, shrubs, &c. Professor 
Cox also mentions that in the north-west part of Dubois 
County “ the remains of shrubs and grape vines of enormous 
growth, indicating perhaps the luxuriance of a warmer clime/' 
were got at a considerable distance from the surface. It is 
W'Orth noting that these old buried forests and peat-beds are 
found chiefly in the southern and central portions of the 
State. In the northern third portion of the State, Professor 
‘WincheU remarks, there is no record of the discovery of 
peat or vegetation in the drift in the reports of the State 
geologist since 1869. 

The occurrence of vegetable remains in the drift deposits 
of Ohio noted a number of years ago by Colonel James 
Whittlesey, t from whose paper I take the following section : — 


Abtesian Well, Columbia, Ohio. 

Surface above Lake Erie, and 780 ft. above tide. 


1. Soil ....... . , . 4 

2. Sand, gravel and boulders . . . . , . 10 

5. Coarse sand . . . . . . . . 2 

4. Blue clay anU boulders ...... 4 

0 . Fine quicksand . 2 

6. Blue clay enclosing a leg 17 

7. Hardpan . . . 3 

5. Quicksand 1 


9. Hardpan to cliff limestone . . , . . . S7 

80 

Hie reports of tire State geologists of Ohio contain nume- 
rous descriptions of an ancient forest-hed or soil -which occurs 
intercalated among the drift deposits. It occurs at a Yariable 
depth from the surface, say, from 10 to 90 ft, and is 

^ An excellent digest of all tbe recorded occurrences of ‘‘vegetable remains 
in drift deposits in tbe North-West,” is given by Professor N. H. Wincbeli in 
the Proecedlngs of the Ameriean Association for the Advancement of Science^ 1875. 
f SmitJmman Contrihdions to Knotvledge^ 



NORTH AMERICAN GLACIAL DEPOSITS. 453 


tj'pically represented in the following section, whicli is given 
by Mr. Orton in his account of Clermont County ;* — 

4. Surface clat/s — generally ivJiite, sometimes Slackened by swampy conditions, 
entirely free from gravel, from 1 to 8 feet in tbickness. 

3. Teliow clays — abounding with gravel, with occasional boulders often con^ 
stituting tbe surface instead of Ko. 4. Thickness seldom exceeds 
10 feet. 

2. («) ForesUsoil — a stratum of carbonaceous clay, containing vegetable matter, 
as leaves and wood, with occasional beds of peat, and in some districts 
replaced by (&). Bog iron ore bed {h) — a seam of ochreoua clays that 
pass into true ores, yielding over 40 per cent, of metallic iron. The 
last division ranges from 1 to 2|- feet in thickness, the former some- 
times rises as high as 8 feet. Both divisions are sometimes absent. 

1. Blue houlder-elay or hardpan^ with occasional layers of sand intercalated, 
resting upon the rocky floor of the country. 

The same observer has described t tbe nature of tbe Ohio 
river-bottoms (valley-drifts), which contain a forest-bed, 
seven feet thick, between two seams of ochreons gravel, at a 
greater or less depth from the surface. This buried land- 
surface he identifies wfith the forest-bed so commonly met 
with in the upland drift of Southern Ohio. In the forest- 
bed of the Ohio bottoms the trunks and roots of trees, 
some of the latter in situ, twigs and branches, layers of leaves, 
ripened fruits, grasses, and sedges, are all clearly distinguish- 
able. Several of the species of trees can be determined, some 
by their wood, others by their leaves and fruits. Among 
them may be named : — Platanus occidentalis (sycamore), 
Fagus ferrugima (beech), Carya alba (shell-bark hickory), 
jEscidus glabra (buckeye), JitnipeTiis viTginianus (red cedar). 
A cucurbitaceous plant, probably Ecliinocystis lobata (wild 
balsam apple), is also shown to have been abundant by its 
seeds, which are preserved in the clay.”J 

This forest-bed lies at a depth of at least 20 ft., and 
sometimes even of 40 ft.,” below the present bed of the Ohio 
River. The bones and teeth of mastodon and mammoth are 
said to have been obtained in close contact with the old 
forest, but these and all other mammalian remains are, 
according to Professor Orton, of very rare occurrence. It 
is possible,” he says, that the " chips ’ and ' axe-marked ’ 
stumps reported at various points in excavations in the drift 
beds attest the former presence here of the gigantic beaver, 

Meport of the Geological Survey of Ohio, vol. i. (Geology) p. 440. 

t Op, oit, p. 428. 

J See also jLmerican Journal of Science, voi. c., 1870, p. 54. 
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now extinct — Oastoroides OMoensis, It was certainly a 
tenant of tlie State dnring tlie general period to wMcli tliis 
old forest-bed must be referred.” He concludes that the 
forest-bed ” in question marks an old land-surface, and that 
the plants of which it is composed, and which indicate 
mild conditions of climate, grew m situ during interglacial 
times. He is of opinion, moreoyer, that this interglacial 
stage '' must haye had an immensely long period for the 
accomplishment of the work wdiich we are obliged to refer 
toil” 

In some districts of Ohio the old forest seems to be almost 
eyerywhere present, although it is more frequently met with 
on the high plateaux than in the yalleys. The deposits 
underlying the vegetable ddbris are usually discoloured for 
some distance down with yegetable mould, and contain, 
mingled with their own substance, quantities of leaves, 
branches, roots, and tree-trunks. 

In the States of Iowa and Wisconsin a buried forest-bed 
has also been detected, some account of which has been given 
hj Colonel Whittlesey in the paper already referred to. 

Professor Winehell mentions the like occurrence of a bed 
of vegetation in the drift deposits of Minnesota Thus in 
Fillmore County — a region of high prairie — the buried peat 
" underlies a gravelly clay, which contains boulders, and has 
the appearance of being the same as the glacier deposit, 
known as unmodified drift. The same underlies it. Some 
portions of the clay above the peat are reported to be blue, 
while the whole of that which underlies it is of a blue colour. 
The whole country is heavily covered with this drift clay, 
and some very large boulders of granite lie near the weUs that 
have met this peat.” 

Sir William Logan mentions^ the occurrence at Grand 
Sable, on the south shore of Lake Superior, of a layer of roots 
and limbs of trees, 12 or 14 ft. thick, resting on clay, and 
covered to a depth of 300 ft. with sand and gravel; and 
Professor H. Y. Hind notes a similar section at Toronto. 
Dr. Dawson also citest the case of " a hardened peaty bed, 
which appears under the boulder-clay on the north-west arm 
of the Biver of Inhahitants in Cape Breton.” "It contains 

* Gedogfj of Canada , 1863, p, 906. f Acadian Geology ^ p. 63. 
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many small roots and branclieS; aj)parently of coniferous trees 
allied to tlie spruces/’ 

It is curious to find that the geologists of Illinois, Indiana, 
and Ohio have different views as to the position of the old 
forest-beds. Thus Mr. Worthen, of Illinois, holds that there 
are two forest-beds — ^one of which underlies and is of older 
date than all the glacial deposits, while the other rests upon 
these, and is covered by the old river-loess. The geologists of 
Indiana apparently recognise only one forest-bed, and it 
underlies the drift. On the other hand, the geologists of 
Ohio assert that their forest-bed is intercalated between 
glacial deposits, for it rests upon tough boulder-elay which is 
full of striated stones, while over it come accumulations of 
clay, sand, gravel, and erratics. Again, in Minnesota, the 
forest-bed reclines u]3on a mass of blue boulder-clay with 
striated stones, and is overlaid by an upper accumulation of 
23recisely the same kind of material. 

Dr. Newberry mentions that in some places in Ohio the 
forest-bed is underlaid by laminated clays and beds of sand, 
&c. (Erie clay series), which overlie the usual 'unstratified 
boulder-clay or hardjDan. 

If American geologists are right in ascribing to the same 
age the buried forest-beds of Ohio, Indiana, Illinois, Min- 
nesota, &c., then the different views held by some geologists 
admit of a simj)le reconciliation. The interglacial jiosition 
of the Ohio and Minnesota peat-bed cannot be doubted, and 
there is nothing adverse to the buried forests of Illinois and 
Indiana being put in the same category. For the mere 
absence in these States of a boulder-clay below the ancient 
forest does not prove the preglacial age of the latter. It will 
be remembered that in Switzerland the interglacial lignites 
sometimes rest upon the bare rock without the intervention 
of any till. It is quite possible, therefore, that something of 
the same kind occurs in the North-western States of America, 
the interglacial beds occasionally reclining uj)on true glacial 
deposits, and at other times having the solid rock for their 
foundation. 

Before proceeding further it may be well to ascertain what 
are the general conclusions arrived at by American and 
Canadian geologists regarding the jjrimary or principal glacia- 
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tioB. As far as I can gather their opinions, tlie belief in the 
former existence of a great continental glacier or ice-sheet 
appears to be almost nniTersal ; among the most vigorous up- 
holders of this belief being Professor Dana and the State 
geologists, whose intimate acquaintance with the facts upon 
ivhicli any theory must be based renders their authority 
peculiarly important. It is true that Principal Dawson, of 
Montreal, stiU holds the opinion that the rock-striations and 
boulder-clay of Canada and the States represent the action and 
the droppings of icebergs, but his views have not of recent 
years been supported by any experienced transatlantic geolo- 
gist. The presence of sea-shells in the boulder-clay of the 
lower reaches of the St. Lawrence, upon which Principal Daw- 
son lays special stress, is really no proof that the clay in ques- 
tion was deposited in the sea. The shells may quite well have 
been introduced into the ground-moraine of the ice-sheet 
which passed up the Gulf of St. Lawrence, in the same way as 
has been suggested in the case of the shelly tills or boulder- 
clays of Scotland and England. 

The only theory •which seems to explain all the facts is 
that of a great ice-sheet, as first propounded by Agassiz. In 
no other way can the glaciation of Canada and the New 
England and North-western States be accounted for. The 
rock-striations*^^ have been traced from the low grounds up 
to a height of 5, 600 ft. (White Mountains), w'hile drift has 
been followed to an elevation of 5,800 ft. (Mount Washing- 
ton) ; but the mountain tops above this level appear not to 
have been subjected to glacial action.! The moraine-matter 
of the ice-sheet is scattered over the British Provinces from 

* It is notewortiiy tliat in Korth America there are sometimes two or more 
sets of striae and groovings. In the district of Lake Superior, for example, 
there are traces of two distinct glaciations — the main or continental glaciei* 
having flowed from north-east to south-west, while the local and latest ice-flow 
was from north to south. Meport on Zahe Superior ^ part i. p. 205; see also 
N, H. Vfincheli on *tThe Glacial Features of Green Bay,” &c., American Journal 
of Science^ vol. cii. p. 15. ‘‘In western New York there is, in addition to the 
south-west system, a subordinate south system (Hall) ; and on Isle La Motte, in 
Lake Ghamplam, there are eight sets (Adams), although usually not over two or 
three in Vermont.” of Geology, 1875, p. 531. Near Lake Winni- 

peg and the Lake of the Woods there appear to he at least two sets of striae, 
according to Mr, G. M. Dawson i Quart. Jour. Geol. Soc., vol. xxxi. p. 608. Some 
of these newer sets may have been produced when the great ice-sheet began to 
retire; others may have been the work of the last period] of glaciation that 
followed upon the close of the forest-hed epoch. 

t Geological Survey of Mew Hampshire, vol. i. p. 540. 
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Nova Scotia and Labrador westward towards the Eocky 
Mountains. Mr. G, M. Dawson, however, has brought forward"'' 
a number of facts to show that the ice-sheet which covered the 
Laurentian axis of Canada did not extend westwards to the 
Eocky Mountains, at least along the forty-ninth parallel 
Boulders derived from the north-east were traced by him to 
within about 25 miles of the base of the Eocky Mountains 
at a height of about 4,200 ft. The distance of these travelled 
blocks from the nearest part of the Laurentian region is over 
700 miles/’ Quartzite drift derived from the Eocky Moun- 
tains occurs very sparingly over what Mr. Dawson calls the 
second prairie level,” and is not found over its whole area. 
The first recognisable fragments he met with occurred at a 
distance of 580 miles from, the Eocky Mountains, and over 
200 from the nearest part of the Laurentian region.” It is 
not until the third or highest prairie-plateau is reached that 
the quartzite drift becomes abundantly present ; and even- 
tually as the prairie slopes up towards the Eocky Mountains 

the drift is entirely composed of material derived from 
them.” The Laurentian ice, therefore, did not impinge upon 
the Eocky Mountains, at least in lat. 49° N. Northern 
drift, however, has been traced over all New England and 
part of Pennsylvania, and the States west, to the western limits 
of Iowa and Minnesota. Beyond the meridian of 98° W. in 
the United States it is not known. It has its southern limit 
near the parallel of S9°, in southern Pennsylvania, Ohio, 
Indiana, Illinois, and Iowa, while its northern is undeter- 
mined.” t [Dana.] But from the writings of Eichardson, Back, 
and other explorers, there can be no doubt that the whole of 
the great Barren Grounds to the shores of the Arctic Sea have 
been traversed by glacier-ice which must have been con- 
tinuous with that which glaciated Canada and the States. 

At the time this continental glacier occupied so wide an 
expanse in the north and north-east, large glaciers filled many 
of the valleys of the Eocky Mountains, even as far south as 
Colorado. Dr. Hayden tells us that ‘^the Arkansas valley 

^ Quart. Jour. Geol. Soc.^ toI. xxxi. p, 603 . 

t ‘‘SoTith of tlie OMo Eiver it is hardly traceable; yet it is stated to occur 
iiear_ Ashland, Boyd Oounty, Kentucky. Few boulders are found about 
Baltimore and Philadelphia, and these not on the higher lands.’' DdXLd.'B Manual 
of Geology y p. 528. 


THE GREAT ICE AGE. 



45 8 


was filled mill one enormous glacier, and tliat extending from 
it on either side of the gulches were branches of greater or 
less magnitude.” “ The great branch-glacier of Lake Creek 
must have been 1,500 ft. or more in thickness. The 
valley or gorge is nearly uniform in width, about one-fourth 
of a mile, and the glacier must have ploughed its way along, 
paring off a gi’eat thickness of the gneissic rocks on either 
side and on the bottom, the low rounded remnants of which 
can be seen cropping everywhere from the detritus. The 
sides of the gorge for 1,000 ft. to 1,600 ft. are worn 
smoothly, and in some places immense blocks of granite 
have been wrenched from their places and carried down the 
channel, so that the sides look like a quarry. The most 
striking feature is the very smooth surface of the sides of the 
gorge to so great a height, like glass.”’' No wonder that 
glaciers such as this should have scooped out the basins of 
the lakes that occur in the same neighbourhood. In Nevada, 
Oregon, and California, TV hitney and his associates have 
shown that the mountain-valleys of those territories have all 
supported great glaciers. Even in the less elevated ranges 
of the Southern States there are indications of local glaciers 
halving occupied the valleys, namely, in the Unaka Moun- 
tains^j (the range between Tennessee and North Carolina), 
and in the Alleghany Mountains, West Virginia. Nay, more 
than this, Mr. Belt, in his interesing work, “ The Naturalist 
in Nicaragua,’ states that he found traces of considerable 
glaciers in that country. 

What a strangely arctic character must North America 
have presented during the climax of the glacial epoch ! All 
the ground east of the Eocky Mountains, from the shores of 
the Arctic Sea down to the latitude of New York, appears at 
that time to have been swathed in one wide sheet of snow 
and ice. The ridge of the Eocky Mountains, however, was 
much too high to be Overwhelmed, but enormous local glaciers 
filled the deep valleys of that range and piled up great 
moraines. Indeed it is by no means improbable that the 
vast ice-sheet of the north w’as fed in part by tributary 
glaciers draining from the eastern slopes of these mountains. 


Geological and Geographical Survey of Colorado. 1873 . to. 54. 
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Beyond tlie limits readied by the ice-sbeet all tlie mountain 
tracts, and even some of the less considerable bill ranges, 
appear to bave nourisbed local or valley glaciers. 

Professor Dana bas estimated^ tbe probable thickness 
attained by the ice-sbeet in New England from tbe beigbt 
reached by tbe rock-striations, and comes to the conclusion 
that it was not less than 12,000 ft on tbe watershed between 
the St. Lawrence and Hudson s Bay, Over the plateau on 
the northern borders of New England it was about 6,500 ft ; 
in the region of the White Mountains 5,000 ft. ; along the 
sea-shore of Portland 4,100 ft, the whole height there being 
of ice; at the terminal cliffs, 500 feet above the sea-level, 
with the under surface of the glacier resting on the sea- 
bottom. The glacier probably extended in a southward 
direction at least 60 miles south of Long Island, where the 
depth of water is not over 250 ft ; and perhaps 30 miles 
beyond, where the depth is 600 ft., and then falls off abruptly.” 
The height of the terminal cliff 90 miles south of Long 
Island could not have been less than 200 ft. 

The general flow of the ice wras from north- w^est, north, and 
north-east, but the form of the ground appears frequently to 
have given rise to local deflections, in which, as in many 
other respects, the phenomena closely resemble those which 
are characteristic of the ancient confluent glaciers of Northern 
Europe, 

The pressure and abrasive powder of the American ice-sheet 
must have been excessive — 6,000 ft. of ice corresponding, 
according to Dana, to a pressure of at least 300,000 pounds 
to the square foot. It w^as underneath this heavy mass that 
the unmodified drift or boulder-clay w^as formed. American 
geologists are somewdiat divided in opinion, however, as to the 
precise way in wdiich that stony clay has been deposited. 
Dana thinks that the stones and earth which the glaciers 
bore along were contained in the ice itself. He says, “There 
was not only abrasion of the rocks beneath by the ice armed 
with stones in its lower surface, and also a crushing of softer 
kinds from mere pressure, but besides, a breaking and crush- 
ing of the ice itself against the obstacles in its course, and 
also a pressing of the plastic material down among all the 

^ American Journal of Sdence and Art, f 
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stones and graYel or sand ; and tliiis it was able to enyelop 
and take tip into its mass tlie loose materiaL Fiirtlier, tlie 
ice of tlie ice-mass above must bare been forced doivn into 
all openings and crevices in tbe rocks, so that tbe glacier, 
as it moved, bad tremendous power in prying off and 
abrading, and must bave made boulders and gravel- — its 
cbips — in immense quantities for transportation/' Under 
sucb conditions be believes tbe ddbris carried along would be 
enclosed in tbe ice itself, mostly witbin the lower 1,000 ft., 
and probably tbe larger part in the lower 500 ft/' There are 
several objections, however, which may be urged against these 
views. In the first place, it is well Imown that the ice of 
glaciers is, as a rule, remarkably free from contained blocks 
and earth ; sucb impurities as do exist having for tbe most 
part been introduced from above, and not from below. In 
tbe next place, there are many phenomena comiected with 
the boulder-clay itself, which Professor Dana's theory does 
not explain; such is the oceiirrence of lenticular beds of 
gravel, sand, and laminated clay, which are sometimes hori- 
zontal, and at other times much contorted and confused. 
There is also the appearance which the boulder-clay itself 
presents of having been folded back upon itself again 
and again, as if it bad been kneaded and rolled forward 
bodily. 

Professor A. H. Wincbell, who apparently adopts Dana's 
theory, or some modification of it, has given a very graphic 
sketch^ of the mode in which he conceives the unmodified 
drift to have been deposited as the ice-sheet melted away. 
In the far north, where the glacier was enormously thick, 
the surface would be free from any impurities, but as it 
thinned away towards the south its crevasses would begin to 
reveal multitudes of rock-fragments and occasional bands of 
dirt and gravel embraced in the solid ice ; until by-and-by, 
as the glacier crept farther south, the d(^bris would appear at 
the very surface, the attenuated ice being there covered with 
a pulpy earth mingled with stones and boulders. At the 
limits reached by the ice, water flowing from the melting mass 
would re-assort much of the moraine-matter, forming sand 
and gravel beds, while the unassorted materials would remain, 
* Popular Scimce 3£ontIitij, IZIZ, 
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wliere tlie ice had quietly ^'let them down/' as houlder-elay 
or unmodified drift. 

Dr. J. S. Newberry controverts Professor Wincheirs views 
of the origin of boulder-clay/^ and maintains that the deposit 
in question must have accumulated at the margin of the 
glacier.’' This is the same view as that held by Mr. S. V. Wood 
and some other geologists in our own country. It fails, how- 
ever, to account for many of the facts. The boulder-clay has 
evidently been subjected to great pressure, and has been 
pushed and rolled forward under the ice, as I have endeavoured 
to show in my account of the mode of origin of the Scotch 
till or boulder-clay.t 

But although opinions thus differ as to the precise manner 
in which the old unmodified drift has been accumulated, 
geologists are at one in their belief as to its true glacial origin. 
Without gomg further, therefore, into controversial matters, 
we may proceed now to the next stage of American glacial 
history, namely, the disappearance of the ice-sheet. 

Dr. Newberry has described the boulder-clay of Ohio as 
being covered over a considerable area by finely laminated 
clays, which he believes to have been formed as follows : — 
In the retreat of the great ice-sheet across the lake basin 
(Erie), at first small pools, then larger basins, and, finally, a 
great inland sea bordered it on the south. In these bodies 
of water a portion of the material ground up was suspended, 
and then dejaosited as the laminated portion of the Erie clay.”$ 

When the ice had finally melted away, and the great inland 
sea had either vanished or been much reduced in extent, the 
climate gradually became so genial that a luxuriant forest- 
growth sprung up over all the area of the North-western 
States, and, for aught we know to the contrary, these genial 
conditions may have prevailed even up to the shores of the 

Meport of the Geoh Surv. of Ohio, toI. ii. chap. sxx. 
t I have often tried to conceive how 100 feet of tough tiU could have been 
slowly extruded in the form of loose clay and stones from the foot of an ice- 
sheet so as to cover a wide flat country, but have never been able to realise the 
process. Let me ask those geologists who hold the opinion that houlder-clay has 
really been deposited in this way, why it is that along the southern limits of the 
Northern Drift that formation consists almost exclusively of more or less loose 
accumulations of boulders, gravel, and sand, while to the north houlder-clay is 
present as the basement drift with boulders, gravel, and sand lying upon it F 
I “Erie clay ” is the general term applied by Newberry to the boulder-clay 
and the laminated clay which immediately overlies it. 
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Arctic Ocean. The plant remains of the old ''forest-bed'’ 
certainly indicate a climate not less genial than that which 
now characterizes the regions where it occurs ; and we may 
reasonably infer, therefore, that when the buried trees grew 
green under the sun the climatic conditions of North America 
were much the same as they are at present. 

The beds which overlie the forest-bed have already been 
noticed. They seem to vary a good deal in different regions. 
Thus, they may consist of heavy beds of sand, gravel, and 
boulders, or of clay with gravel and boulders, or of true 
unmodified drift or boulder-clay. 

As to the precise succession of events which took place in 
North America after the forest-bed epoch there is some diver- 
sity of opinion. Professor Newberry,''' for example, believes 
that after that epoch there wns a very general submergence 
of the state of Ohio beneath an inland, or even a continental 
expanse of water, across which floated icebergs and ice-rafts. 
The succession of changes were, therefore, according to him, 
as follows : — • 

1st. A period of a great continental glacier or ice-sheet. 

2nd. The retreat of the ice, and the appearance of a vast 
freshwater lake (covering a large part of Ohio), in wdiich 
were deposited the finely laminated Erie clays, &c. 

3rd. The silting-up of the lake, and the advent of a luxu- 
riant forest-growth. 

4th. The submergence of the land below a great inland 
sea of fresh water, and the deposition from floating ice of 
blocks and boulders. 

Some of these views are controverted by Professor Win- 
chell (State geologist of Minnesota), who surveyed a large 
portion of north-western Ohio. He writes to me that he 
found what to him were " satisfactory proofs of the existence 
of two distinct glacier deposits." The buried soil of Ohio, 
which extends westwards through Indiana and Illinois, enters 
Iowa, and even appears in southern Minnesota, " is distinctly 
intercalated," he says, "between glacier drift clays, and this 
no more proves an iceberg origin for the upper deposit than 
it does for the lower. The two * deposits cannot be said to 

* Meport of Progress (Ohio Surrej’), 1S70, p. 340 ; Peport of GeoL Surv. of Ohio^ 
Tol. ii. chap. xxx. 
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differ noticeably wherever I have examined them/' the 
overlying mass being as evidently of glacier origin as the 
drift that underlies the soil-bed." 

These apparently contradictoiy views are not so irreconcil- 
able as they seem to be. This becomes evident when we 
take a glance at the distribution of the forest-bed and the 
varying character of the drift deposits underneath which it 
lies concealed. We find, in the first place, that the buried 
forest-bed occurs most abundantly in the southern regions of 
the North-western States, where it lies covered for the most 
part with heavy masses of gravel, sand, and erratics of north- 
ern origin. Passing north towards the Canadian boundary 
the soil-bed becomes less conspicuous as a member of the 
drift series, being represented chiefly by occasional logs " 
and sticks," which occur as boulders in the glacial deposits. 
Traces of it, however, appear to occur at Grand Sable, on the 
south shore of Lake Superior, and at Toronto ; and it is quite 
possible that the hardened peaty bed " of Cape Breton may 
also be a relic of it. Now in north-western Ohio, in Min- 
nesota, and apparently also in the northern regions of Illinois 
and Indiana, the forest-bed is overlaid by true till or hardpan 
— an unstratified mass, packed with striated stones and 
boulders, while the whole surface of the country is in many 
places dotted with loose erratics, and sprinkled with gravel 
and sand, which occasionally rise into hillocks and knolls so 
as to form conspicuous objects in the flat, treeless prairie 
lands.* 

We must agree with Professor Winchell that if the lower 
hardpan be the morainic matter of a great ice-sheet, the 
similar deposit which overlies the forest-bed in Minnesota, 
&c., must have had a like origin ; in other words, there was a 
return to glacial conditions after the forest-bed period, during 
which an ice-sheet again invaded New England and the North- 
western States. How far south this last ice-sheet extended 
is a point which American geologists have yet to determine. 
We are not without evidence, however, to show that it did 
not reach the limits attained by the preceding ice-flow. 

* See Geological Siervey of loiva, vol. i. p. 99 ; Geological Survey of OUo^ vol. ii. ; 
Geological and Jfatural Mistory Survey of Minnesota, Second Annual Beport, 1873, 
p. 92 et sqq. 
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Professor J. D. Whitney has giTen some account of a 
^Vdriftless region’’ in Wisconsin, Iowa, and Minnesota.^ He 
tells ns that a considerable area, forming an elevated plateau, 
chiefly in Wisconsin and near the Mississippi Eiver, is quite 
destitute of drift ; and this is the more remarkable seeing that 
the regions to the north, west, east, and south are all more or 
less deeply covered with such deposits. 

^Wliitney describes the surface of the rock within the 
driftless region as being uneven and irregular, and bearing 
the mai'ks of chemical rather than of mechanical erosion. 
This is especially the case where limestone or dolomite forms 
the rock in place. No glacial furrows or strim, no drift- 
scratches, and no evidence of the rock having been planed 
down to a level, are anywhere visible. A variable thickness 
of surface-wash overlies the rocks, which is evidently the 
result of weathering and chemical action. From these and 
other facts Whitney concludes that the region under review 
must have formed an island at the time when the great 
currents from the north were bringing down the detrital 
materials, which are spread over so vast an area in the 
northern hemisphere.” 

Now throughout this remarkable region the remains of 
numerous extinct mammalia have again and again been 
detected. They occur promiscuously embedded in the sur- 
face-wash, or in cracks and crevices of the limestone. The 
animals mentioned are mastodon, megalonyx, elephant, buf- 
falo, wolf, extinct species of peccary, racoon, and several 
rodents, &c. Many of these were got in clayey loam at 
considerable depths from the surface — as much as 40 ft. in 
some places— indicating the lapse of a long period since the 
time of their entombment. 

Beyond the driftless region, however, in those tracts that 
are thickly covered with gravel, sand, boulders, and hardpan, 
no such mammalian remains occur in superficial or postglacial 
deposits. In such districts, slb we have seen, they are only 
met "with in connection with the old forest-bed which occu- 
pies an interglacial position. 


^ ^ Report the Geological Surveij of Wisconsin, vol. i. p. 114 et sqq. ; Geological 
Stirveg of lUmots, vol. i. p. leo. The driftless region, according ta Whitney, is 

productive lead region iS north-western 
llimois, Iowa, and south-western Wisconsin. 
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From recent observations it would appear that tbe area 
described by Whitney is not altogether destitute of glacial 
drift. Professor Winchell writes me, that so far as that 
area enters .Minnesota, it cannot be said to be driftless, for 
isolated patches of drift (remains of the older drift-sheet), 
which have a general facies indicating greater age, are found 
throughout it. The region, however, is deeply buried under 
the " bluff-formation,' or what is supposed to be the equivalent 
of the loess of Continental Europe — a fine siliceous clay, 
indistinctly stratified, evidently deposited from waters nearly 
or quite tranquil. The remains of this old drift-sheet in the 
' driftless area ' which I refer to in my first Annual Eej)ort^ 
are supposed to belong to that which lies below the ' soil- 
bed,' which, whenever penetrated, gives abundant evidence 
of a former vegetable covering for the country which now is 
a treeless prairie. The deposits which overlie the ^ soil-bed,' 
except where these are loess, are as evidently of glacier origin 
as those that underlie it." 

From all this we gather that there were certain regions 
over which the older ice-sheet prevailed, but which the last 
ice-flow did not cover. In such areas, therefore, we meet 
with only the older morainic debris, lying in isolated patches. 
During the continuance of the long interglacial period that 
supervened after the disappearance of the greater ice-sheet, 
chemical action and the atmospheric forces — ^rain, frost, and 

* The passage referred to by Professor Wincbell is as follows : — “ There is an 
area in the south-eastern part of the State, where very little of it (drift) is 
found. The rocks stand ont prominently in bluffs and terraces caused by their 
various capacity to withstand the elements, covered with very little besides the 
decomposed debris of their own beds. Yet in this portion of the State, which 
seems to he an extension of the so-called ‘ driffcless region * of Iowa, the valleys, 
on being excavated for cellars and wells, reveal a clay charged with pebbles and 
sometimes large boulders. This clay is said to contain fragments of wood and 
leaves half decomposed. Sufficient examination has not yet been made to show 
the relation of this blue clay in the south-eastern part of the State containing 
vegetable deposits,^ with the vast sheet of blue clay containing, so far as known, 
no vegetable remains, wbich is spread over a great portion of the entire State. 
It seems, however, to be of older date, and may consist of the remains of a 
previous glacial ^sheet, which under the action of the last glacial epoch was 
subjected to erosion and wash, but was not replaced by fresh deposits. In that 
way the vegetable growths of the surface, accumulating between the periods of 
the two glacial epochs, would be buried in the depressions to various depths 
beneath the debris from the hill sides, and considerable beds of peat or even an 
entire soil would be preserved, while toward the north, the movement of the 
glacier-ice entirely destroyed and removed the ancient soils.” Erst Ann, Mep, 
Oeol, ^ d!Tat, Mist, Surv, of Minnesota, p. 61. In a forthcoming Beport Professor 
'Winchell tells me that he goes more fully into this subject. 

' H H . ■ 
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running water — did their best to remoye all traces of the 
former glaciation. The general aspect ‘of the so-called drift- 
less' region appears indeed to have been so modified, that 
even so distinguished an observer as Whitney was under 
the impression that it had never been subjected to glacial 
influence. Escarpments, bluffs, and terraces of rock stand 
out as prominently as they do in many of the midland and 
southern districts of England. And yet there is the tell-tale 
old hardpan, scattered here and there, to show that, however 
weathered an appearance the driftless area/' may present, 
it was nevertheless at one time buried under an ice-sheet. 
These phenomena, therefore, are precisely analogous to those 
which the midland part of England presents — a region in 
which, as we have seen, the glaciated outline, which it must 
have received during the greatest extension of the ice-sheet 
(period of great chalky boiilder-cla)^, &c.), has been almost 
completely obliterated — ^the liilly districts ■where a distinctly 
glaciated contour still exists being those over which the later 
ice-sheets prevailed. 

Now it will no doubt occur to the reader as a difficulty 
that any old land-surface should have been pi-eserved under 
the glacial deposits of a great ice-sheet. Why wms not the 
soil-bed with its vegetable debris utterly swept away? This 
is a difficulty -which constantly meets us in every country 
wffiere drift deposits have been studied with any care. I 
will not attempt to explain wffiy the great ice-sheets did not 
always plough out every superficial deposit of gravel, sand, 
claj^, silt, or peat. But to one wiio believes that till was 
rolled forward en masse under the ice, and that much of the 
fine polishing and striation received by the rocks below was 
due not so much to stones and grit frozen into the bottom 
of the glacier, as to the passage over the rocky surface of a 
ground-moraine of clay and stones, it does not appear so 
very wmnderful that preglacial and interglacial deposits should 
sometimes have escaped destruction. Let it be noted, more- 
over, that such interglacial remains generally appear in best 
preservation and in greatest abundance wdiere the glacial 
deposits are thickest, and that they are more especially fre- 
quent in the regions which were farthest removed from the 
centres of glaciation. 
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From tliese facts I would infer that in areas where the 
inoTement of a great ice-sheet was slowest there would be 
less erosive action/'' and a tendency in the ground-moraine, 
therefore, to accumulate iindemeath. We might consequently 
expect to meet with more frequent traces of preglacial and 
interglacial land-surfaces in such positions, than in areas 
where the ice-sheet was moving faster, and where, as a result 
of this quicker motion, the till or liardpan would not be able 
to accumulate to any extent. Again, we know that a glacier 
not only loses in thickness, but begins to slacken its pace 
as it approaches its termination, and thus its erosive power 
always lessens in that direction. This is the reason, as it 
seems to me, that the ''forest-bed’' a|)pears in greatest force 
in the southern parts of the North-western States. In Canada 
and the north, where the glaciation, owing to the greater 
thickness and quicker motion of the ice, was much more 
severe, traces of an old land-surface under the drift are few 
and far between. 

Whether the " forest-bed ” in the southern portions of 
Ohio was ever actually covered by the ice-sheet of the last 
glacial epoch is a point which American geologists will no 
doubt be able to settle. Dr. Newberry, who has had every 
opportunity of studying the facts in the field, and whose 
authority therefore demands our resj)ect, believes that the 
deposits immediately overlying the forest-bed in southern 
Ohio have been laid down during a period of submergence 
ivhen icebergs were floating over the drowned districts. He 
is of opinion that when the great glacier had retired to the 
Laurentian highlands of Canada the basin of Lake Erie was 
filled with such a depth of water that the lake communicated 
with all the other great sheets of water so as to form one 
vast inland sea. Ohio, it will be remembered, is bounded 
on the north by Lake Erie. In the extreme north of the 
State there is an upland district which forms the divide 
between waters which flow a long way south to feed the 
Ohio River, and a number of shorter streams whose course 
is directly north into Lake Erie. According to Dr. Newberry, 
the waters of the lake rose upon the northern slopes of the 

* The reader must distinctly understand that I am not speaking here of local 
or valley glaciers. 
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divide until tliey actually readied tlie level of certain passes 
across wHcli the surplus waters ruslied, flooding all tlie- 
country on the southem side of the divide down to the 
valley of the Ohio River. He thinks that in the period 
of the greatest submergence the larger part of the summit, 
of the watershed -was under w^ater, and was swept by breakers 
and shore-waves, by which some of the beds of sand and 
gi'avel W’^ere formed/’ 'which are now met with upon the 
watershed ; and he believes that the coarser materials, 
(boulders) of w'hich these deposits are composed were 
^‘ derived from ieebei*gs stranding on the shoals which now 
form the crest of the divide.” At that time the great glacier 
is supposed to have been shedding its icebergs along the 
Canadian shores of Lake Erie, and “a sufficient depth of 
water existed in the passes of the watershed to float icebergs 
of considerable size, and as currents flowed through these 
passes, some of the boulders scattered over southern Ohio* 
were probably transported by them. When the water-level 
had been somewhat depressed by the slow elevation of the- 
continent, these gaps became waste-weirs, through which 
powerful streams of water continued to flow for a long time,, 
cutting the gaps deeper, and transporting great quantities of 
gravel and boulders, and depositing them in lines which lead 
down towards the valley of the Oliio.” 

In confirmation of his theory Dr. Newberry points to the^ 
fact that not only are water-worn materials scattered over the 
summit of the watershed, but a series of old lake-terraces- 
occur at various heights along the slopes overlooking Lake 
Erie, wdiich clearly indicate, he thinks, successive levels 
occupied by the great sheet of water. Besides these lake- 
terraces, however, there also occur great morainic, ridges, 
which in the same manner run along the northern slopes of 
the divide. The highest of the lake-terraces does not appear- 
to occur at much more than 200 ft. above the present level 
of Lake Erie, while the uppermost morainic ridge rises to* 
nearly 500 ft. 

The evidence amounts to this, therefore, that while the- 
lower terraces may be, and probably are, of lacustrine origin, 
•die highest ridges are morainic : as, indeed, one of the lower 
embankments also would appear to be. It is difficult, how- 
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ever, to believe, on tlie evidence produced, tliat tlie waters of 
Lake Erie ever actually overflowed the summit of the water- 
shed. Dr. Newbeny suggests that the natui’ai overflow of 
the lake may have been dammed up by the great glacier, and 
the water-level successively lowered as the ice dams melted 
away. is also possible,” he thinks, “ that warping of 

the earth’s crust may have changed the relative altitudes of 
•different portions of the margin of the lake basin.” 

The water- worn deposits wdiich are scattered over the sum- 
mit of the watershed are compared with the Scotch kames, 
•and sections of them are given to show how close the resem- 
blance is. Is it not possible, therefore, that they may have 
had a similar origin ? Are not these just the deposits which 
would be formed underneath the ice by subgiacial streams, 
and in front of it by the torrents and floods escaping from it 
as it melted away ? If we suppose the ice to have filled up 
the basin of Lake Erie to such an extent that its terminal 
front rested immediately behind the summit of the water- 
shed, then large volumes of water must have been discharged 
from it, which might well scatter gravelly moraine-matter 
over the uplands, and sweep it through the passes or “ waste 
weirs down to the low grounds. Indeed, the same action 
must have gone on continuously, although with varying 
intensity, both during the advance and the retreat of the 
great glacier ; and it is therefore quite possible that much of 
the clay, sand, and gravel in southern Ohio may have been 
de] 3 osited at a time when the ice-sheet actually reached down 
to the central portion of that State, or even farther south 
still. As the level of the ice was reduced, ridges of morainic 
gravel, sand, and boulders, much of which wnuld be well 
water-worn, would gather round its margin along the northern 
slopes of the w-atershed, and so “ kames ” would be formed 
which, when the ice-level had been further reduced, would 
appear as more or less continuous ridges and linear mounds, 
dotted here and there with boulders. If some such explanation 
were admissible, it would relieve us of the necessity for sup- 
posing that Lake Erie itself was ever filled with water to such 
a height as the summit of the watershed in northern Ohio. 

^ Ufc is quite possible that these passes may haye been deepened by snb- 
glacial streams when the whole region was covered with ice. 


47 ^: 


THE GREAT ICE AGE. 


But be that as it may, it will bardly be doubted tliat tbe 
melting of tbe iee-sbeet would cause floods enoiigli to account 
for all tbe loamy clay, sand, and gravel wliicli are found 
spread over tbe forest-bed in soutbeim OMo, and thus the 
views held by Dr. Newberry and Professor Wincbell are not 
contradictory, but really complementary tbe one of tbe other. 
In north-western Ohio, Wincbell bolds tbe upper drift to be 
of the same nature as that which underlies tbe forest-bed ; 
in the southern districts, again, Newberry finds that the bulk 
of the drift which covers the forest-bed consists of more or 
less irater-worn morainic debris, erratics, and flood-gravels, 
sand, and clay. In the one case, we have the ground-moraine 
of the second ice-sheet, sprinkled here and there with the 
water-worn materials that were distributed over the country 
when that ice-sheet was melting away ; in the other ease, the 
upper drift seems entirely composed of the latter kind of 
detritus. So that one might hold Professor Wincheirs view 
and yet quite agree with Dr. Newberry when he remarks 
that '‘the yellow clay, abounding with gravel and eontaining 
occasional boulders, which overlies the forest-bed, and is more 
generally the surface deposit of southern Ohio, is evidently 
the more immediate and coarser product of the action of the 
in-coming flood, and copious drainage from the north upon 
the ancient forest-covered land of which the sub-soil was the 
boulder-clay.” 

That, in this short review of the evidence, too much stress 
has not been laid upon the action of the floods that resulted 
from the melting of the great glacier, we may learn from a 
series of remarkable articles which recently appeared from 
the pen of Professor J. D. Dana.'^ Along the courses of the 
river-valleys of New England and other regions in the 
Northern States, occur a number of high-level terraces of 
detritus, which Professor Hitchcock long ago described as 
raised sea-beaches. Dana, however, has shown, by a careful 
examination of many of the New England valleys, that the 
terraces in question are not marine, but mark on the con- 
trary the height attained by the flood waters that escaped 

Soutliera Kew England during tlie Melting of tlie Great Glacier;’’ 
'American Journal of Science Arts, TMrd Series, vol. x. pp. 168, 280. 353, 
409, 497. 
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from the melting ice-sheet. These flood waters left their 

mark not only in the structure and degree of coarseness of 
the deposits along the watercourses, but also in denudations 
of the drift-covered surface.” In certain valleys, the terraces 
rise more than 150 ft. above the ordinary flood-leveP of the 
present rivers ; and that the ocean took no part in their for- 
mation, is evident from the fact that the terraces gradually 
sink to lower levels as they are followed down the valleys. 
The pitch,” or fall, of the great flooded rivers, to whose 
action the terraces ” are due, was very considerable : thus, 
below Birmingham, in the Housatonic valley, it wns as much 
as eight feet per mile ; while in the highest modern floods in 
that valley, the pitch is only about two feet below Birming- 
ham. We. must remember that there -was nothing to inter- 
rupt the free course of the flood-waters to the sea ; their 
outlets w^ere wide and deep, and from this w-e learn that “the 
rivers in the lower parts of Housatonic, Connecticut, and 
Thames valleys, w^ere cataracts on a scale beyond all modern 
knowledge ; ” and these, as Dana remarks, are but examples 
of a condition that prevailed generally over the glacier- 
covered lands. He shows further that so great w^as the flood 
in the Connecticut valley, that the waters overflo'wed in at 
least three, places across the divide into adjoining vallejT'S. 
“ The Coimectieut, when the glacial flood w^as at its height, 
had a depth of 150 ft. or more, all the way from Middletown 
to Turner’s Falls, at Springfield — and to an undetermined 
distance beyond ; and from Hartford to Turner’s Falls it 
averaged fifteen miles in wddth. It was a great stream, fed 
by numerous headlong torrents from either side ; and at the 
same time feeding other streams from its surplus waters. 
Its depth and extent were in sj)ite of great losses from over- 
flows into other valleys.” 

Floods like this seem quite adequate to produce all the 
phenomena described by Newberry. Clay, sand, gravel, 
and shingle would be swept along and scattered about the 

^ Inutile Comiecticut VaUey “the height of the flood was such that the 
waters instead of stopping at 24 or 25 feet above low- water mark, as now, continued 
rising until 175 feet deep; and from that level they went plunging down the 
narrow channel to the Sound ; that, at Hartford, the river rose above the modern 
30 -foot flood-level to 190 feet; that, at Springfield, they reached a height of 
more than 200 feet above low-water mark, and 240 feet above mean sea-levol.’’ 
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undulating low grounds, and even occasional ice-floated 
boulders miglit be carried far soiitli over tlie inundated dis- 
tricts. 

Passing nortliwards into tbe region wbere tlie deposits 
immediately overljdng tbe forest-bed are recognised as 
true bardpan or unmodified drift, we find that tbis is covered 
now and again with spreads and heaps of gravel and sand, 
and dotted with erratics. Farther north still, the bardpan 
becomes, as we have seen, a much less conspicuous member 
of the drift ; tbe most prominent drift deposits in tbe 
upland districts of the watershed, betw^een tbe St. Lawrence 
and Hudson’s Bay, being undulating hummocks, &c., of gravel 
and sand, and sporadic erratics. 

Mr. 6. M. Dawson, whose observations in the central 
region of North America have already been referred to, is of 
opinion that the rock-striations and Toclies moutonnees in the 
region of Lake Winnipeg and the Lake of the Woods, are 
clearly due to the giinding action of an ice-sheet which 
descended in a south-westeiiy direction from the Laurentian 
axis ; but he thinks that the drift, consisting of till with 
striated stones and overlying masses of sand, gravel, shingle, 
and erratics, wdiich stretches west from the lakes along the 
49 th parallel of latitude to the base of the Rocky Mountains, 
has been dropt by icebergs, during a submergence of the land 
to the depth of upwards of 4,000 ft. He admits, however, 
that there are diflficulties yet unaccounted for by the theory 
of the glaciation and deposit of drift on the plains by ice- 
bergs.” Chief among these, he says, is the entire absence 
of marine organic remains, the only fossil found being a 
piece of the common cedai*. Another difficulty, how^ever, 
presents itself which, to my mind at least, is equally, or even 
more, inexplicable on the iceberg hypothesis, and that is the 
occurrence at a height of 4,200 feet, and about twenty-five 
miles from the base of the Rocky Mountains, of boulders 
derived from the Laurentian axis. Wlien we remember that 
the maximum height of the latter is only some 1,600 ft., 
w'e may 'v?ell ask how these boulders could possibly have been 
carried by floating ice ; for, when the sea stood at the level 
of 4,200 ft., the Laurentian axis, from wdiich the boulders 
have come, must have been drowned to a depth of 3,400 ft 
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at least I There are other difficulties which will occur to any- 
one who keeps in view the nature of the glaciation, which, 
according to Professor Dana and the States geologists, has 
affected New England and the North-west. It is hardly 
conceivable that such a degree of depression as 4,000 ft. and 
more, could have overtaken the area described by Mr. Daw- 
son, without having been continued at the same time into 
the regions which have been examined in detail by the geo- 
logists of the States. Yet none of these observers has de- 
tected any evidence of such extensive submergence in the sea. 

If we admit the former presence upon the Laurentian 
watershed of a sheet of ice 11,000 or 12,000 ft. in thick- 
ness, such as Professor Dana has shown must have existed, 
in order to account for the glaciation of New England, then 
there can be no difficulty in understanding how” the ice 
should have descended into the valley of the Pi,ed Piiver, and 
thereafter slowly ascended the long slope westw’-ards to near 
the base of the Eocky Mountains. Of course, such a mass 
of ice could not have been nourished solely on the Lauren- 
tian uplands. It implies the presence to the north of a 
great confluent ice-sheet deriving from the north. In the 
region of Lake Wimiipeg*, the ice moved towards the south- 
* west up and across the valley of the Saskatchew" an, and 
probably became confluent with the local glaciers that 
descended the valleys of the Eocky Mountains. It ivas 
underneath this massive ice-flow that the till described by 
Mr. Da-wson must have been formed. The overlying gravel, 
sand, and erratics belong to a later stage, and I believe it wall 
yet be quite possible to account for all the phenomena with- 
out having recourse to the extreme measure of submerging 
the continent to a depth of over 4,000 ft. It is worth 
noting that the succession of the drift deposits, mentioned 
by Mr. Daw^son, is precisely the same as obtains in every 
highly-glaciated region ; at the bottom there is till, the old 
ground-moraine, and above that come sand, gravel, and 
erratics, the morainic ddbris wmshed out by subgiacial streams 
and rivers, and by floods flowing off the melting ice. In the 
British Islands, in Scandinavia, in Switzerland, in New Eng- 
land and the North-western States, in Canada, and else- 
where, the same succession constantly recurs. 
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I shall here make bold to Yentiire a suggestion which may 
possibly help to explain the drift plienoxnena described by 
Mr. Dawson. Let us suppose, then, that the Laiirentian ice- 
sheet has become confluent with the local glaciers of the 
Eocky Mountains, and that the striation of the rocks and the 
formation of till have been in active progress for some time. 
A period arrives when, the climax of glacial cold having been 
reached, the ice-sheet and the local glaciers no longer increase 
in thickness, but begin to lose more than they gain. Now we 
can easily conceive that a time must come when the Laiiren- 
tian ice-sheet and the local glaciers will cease to be confluent. 
The space that then intervenes will be swept by torrents of 
water which, in summer-time, will sw^ell to great floods. 
Vast quantities of gravel and sand, brought down partly by 
subglacial streams and partly derived from the denudation of 
the till, will be scattered broadcast over the deserted beds of 
the ice-sheet and the glaciers, and it will necessarily happen 
that as the floods issuing from the ice-sheet will much sur- 
pass those deriving from the local glaciers, the debris belong- 
ing to the ice-sheet will he swept outwards, and may even 
invade the territory once covered by the local glaciers. 
During each returning winter ground-ice will gather on the 
bottoms of streams and rivers, enclosing stones and boulders, 
and ever and anon rising to the surface, will float these away. 
Much ice will also form here and there at the foot of the ice- 
sheet, and, indeed, wherever there are pools and sheets of 
water ; and thus boulders and erratics, disgorged from the 
glacier, and the debris and gravel of its moraine, will be 
frozen up. When sj)ring and summer return, and the great 
floods resume their action, ice-rafts, with their rocky freights, 
will he swept foiward and carried wiiithersoever the currents 
lead them. Similar ice-rafts, sailing from the base of the 
Bocky Mountains, will, at the same time, be hiuTied far east 
into the ground once occupied by the retreating ice-sheet. 
Thus w^e may see how there would be a dovetailing of the 
upper drift deposits derived from the west with those which 
had come from the north-east. As each summer returned, 
the drenching rains and great floods would reappear until the 
ice-sheet had retired far to the north, and its flood- waters 
W' ere discharged in some other direction, * I do not believe 
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we haYO at present any proper conception of tlie amonnt of 
water tliat flowed from tlie melting ice-siieet. It must liave 
been enormous. According to Ur. Crolls theory, our hemi- 
sphere, during a cold phase of the glacial epoch, was much 
nearer the sun in summer-time than it is now. It is true 
that the summer was short, but much more heat_2^<2r diem being 
then received from the sun, great floods must have, resulted, 
even during the climax of glacial cold ; indeed, the floods 
may have been more excessive then than afterwards. We 
have also to remember that in the short summer there would 
be an excessive evaporation and consequently a much heavier 
rain-fall than is at present experienced in North America. 
But as the glacial period drew to a close, the summers would 
become less intense, and the ice would melt more gradually 
away. 

What became of the flood waters which, as I have sug- 
gested, must have been discharged in such volumes over the 
ground that spread between the base of the Eocky Moun- 
tains and the edge of the ice-sheet? It is most probable 
that at first they swept over the watershed and entered the 
valley of the Eiver Missouri ; and in confirmation of this I 
may point to the fact that the great loess or bluff formation 
of the Mississippi valley is believed, by the geologists of 
Iowa and Missoiui, to have been brought thither by the 
Missouri Eiver. At a later stage the drainage may have 
been by the Eed Eiver valley. One can have some faint 
idea of the amount of water flowing from the melting ice 
when he learns that the Mississippi at that time, below the 
mouth of the Ohio, had an average breadth of fifty miles, 
and, along by Tennessee and northern Mississippi, of seventy- 
five miles; so that it was indeed a great stream.’' (Dana.) 
Over the whole country to which the flooded waters had 
access, similar deposits would be formed in the broader and 
more open valleys — the detritus becoming finer grained the 
farther the waters flowed. 

In this account of American glacial geology I have been 
led into more detail than I anticipated, but this need not 
be regretted if the notes here put together should induce 
some of us in this country to pay more attention to the 
results obtained by American glacialists than has hitherto 
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been done. Yeiy miicli lias been mitten on the subject, 
and I bare not attempted even to refer, bo wever briefly, 
to several points of interest, my chief object being merely 
to point out the general succession of events wbicb appears 
to bave cbaracterked tbe American area during the glacial 
epocli. Before passing on to another part of my subject, 
however, I ought to mention the fact that many examples 
of buried river-channels bave been described by American 
geologists. An niteresting account of these is given by 
Dr. Newberry, from which we learn that some of the old 
channels occur at depths varying from 50 ft. up to 200 ft. 
Some of the old courses enter Lake Erie at a depth of 
more than 200 ft. below the level at which they now enter 
the lake. They are filled up with alluvial and drift deposits, 
and, in one case at least, yielded unmistakable relics of 
interglacial age. This trough was pierced at Bloomington, 
Illinois, and the succession of the deposits passed through 
has already been given, see p. 45. It is cpiite evident that 
the rivers which cut out these old channels flowed at a time 
when the land stood relatively higher than now, and probably 
most of the buried channels date back to pregiacial ages. 
Nevertheless, there is abundant evidence to show that even 
during interglacial times (the ^'Forest-bed'’ era), when a 
genial climate obtained, the land stood at a considerably 
higher level than at present. 

In reading descriptions of the mounds of gravel and sand 
which cover large tracts of country in New England and 
the North-western States, and also in Canada, one cannot 
fail to notice how closely all the appearances coincide with 
those we are familiar with in this country. Professor Hitch- 
cock, describing the drifts of New" England, says they '' form 
ridges and hills of almost every possible shape. It is not 
common to find straight ridges for a considerable distance. 
But the most common and most remarkable aspect assumed 
by these elevations is that of a collection of tortuous ridges, 
and rounded and even conical hills, with correspondent 
depressions bet^veen them.”t This description w"ould apply 

* FroceecUnffs g/ Fos^oji Natural Sisiory Society, May, 1862; Annals of the 
ZyceuM' of Nat. Sist., 3Vew York, June, ZS69; ‘‘Surface Geology of Ohio,’^ Fep. 
of Geol,. Surv. of Ohio, vol. ii. chap, xxx, 

t Trms. of the Assoc, of Amer, Geol, and Natur., 1840-1812, p, 191. 
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word for word to some of the larger areas of kames in Scot- 
land. The American mounds and cones are almost invari- 
ably composed of well water- worn materials, usually gravel 
and sand ; and they are, moreover, not infrequently false - 
bedded. Occasionally boulders are found inside these 
mounds ; but this appears to be rather exceptional, and such 
included stones are usually more or less rounded. Now and 
again a mound appears to be composed of coarse shingle and 
rounded boulders. But when boulders occur in mounds of 
sand and fine gravel, they seem to be confined chiefly to the 
upper parts of the deposits.* 

Immense numbers of large erratics cumber the surface of 
the ground in many parts of New England, the North-western 
States, Canada, and Labrador, and are scattered over the 
tops and slopes of the mounds and ridges of sand and gravel. 
Even much farther north the same phenomena are so striking 
as to arrest the attention of the traveller who is not strictly 
a geologist. Every glacialist must be interested in reading 
the accounts given of the Barren Grounds of North America 
by the various writers who have visited these inhospitable 
regions. Sand-hills and huge erratics appear to be as 
common there as in the countries farther south. Captain 
Back gives a very graphic account of the isolated cones and 
“ chains of sand-hills,” which he saw in several places 
stretchmg far away on either side from the valley of the Great 
Eish Ili\ei. He tells us that the ridges and cones of sand 
uere not only of great height, but singularly crowned with 
immense boulders, grey with lichen, which assuredly would 
have been considered as having been placed by design, had 
not the impossibility of moving such enormous masses°proved 
incontestably that it was Nature’s work.” This was in 66“ N. 
lat. In another place “ the country was formed of gently 
undulating hills, whose surfaces were covered with'^laro-e , 
fragments of rock and a coarse gravelly soil.” t In the 

Seport on the Qeology of Za7ce Superior Zand District, p. 235 ; see also Geoloau 
of Mew Tori-, part ni. p. 121, where Lardner Vanuxem says: “'With some 
exceptions they (erratics) are generally found upon the surface, frequeiUly m“n 
f or on them sides, appearing in almost all their localities as^if but 

pp!'l4of ' 316?'^ to the Moutli of the Great Fish Mmr, &c. 
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Barren Grounds to the west of the bleak country traversed 
by Back, sand-hills and huge erratics are equally abundant, 
the erratics being often abundantly dotted over the hillocks 
of drift.* The same appearances have been noted again and 
again by explorers. Between Lake Winnipeg and the 
Saskatchewan Eiver, the number of boulders perched on the 
sides and summits of ridges and mounds seems to be specially 

remarkable.! 

From similar appearances connected wdth the kames of 
Scotland, I concluded that the erratics might have been 
dropped into their present anomalous positions during a 
period of submergence. But I now feel persuaded that ice- 
bergs were not needed to perch the boulders where they are. 
Of course it is quite possible that at the lower levels of the 
country— in tracts which can be proved to have Been sub- 
merged during late glacial times — ^many of tbe loose erratics 
may have been dropped by icebergs. But in the interior of 
the country, and at heights wEich we have no evidence to 
show were covered by the waters of a glacial sea, the scat- 
tered erratics and Mocs ferclies have most probably been left 
lying on the ground upon the retreat of the last ice- 
sheet. From the descriptions given of the hogs'-backs,'* 

cobble knolls,” and other prominent heaps and ridges of 
gravel and sand in America, it seems hardly possible to 
doubt that these accumulations are of the same nature as the 
Swedish isar, Iiish eskers, and Scotch kames, and that they 
have been formed in the same way, some being flood-gravels 
laid down by the waters issuing from the melting ice-sheet, 
while others mark the courses of suhglacial streams and 
rivers. The erratics dotted over their surface may have fallen 
from the edge of the retreating ice, or they may have been 
introduced from above through crevasses and dropped upon 
the beds of siibglacial rivers ; or again they may have melted 
out of the ice itself where they lay engorged ; and their 
generally rough and non-glaciated aspect agrees with this 
view of their origin. 

The erratics sometimes show striae which not infrequently 

*%See Fratiklm’s Journey io the Shores of the Tolar Sea^ and Ms Seeond Journey ; 
also Sir tF. EicliardsoE’s Journal of a Boat Voyage through Mttperf s Land. 

t Moyal Geographical Journalj voL xzx. p. 275 (Palisser’s Exploration). 
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are placed parallel to those of the bare rock upon which the 
blocks rest. A good example of this appearance is quoted 
by Mr. J. De Laske.* He states that ‘‘ around one of the 
quarries to the west of Carver’s Harbour the ground is 
literally covered with boulders, some of which are enormous. 
Many of these turned out of their beds exhibit the polishing 
and scratching of the common floor-rock of the island 
(Mount Desert Island). Furthermore, if carefully turned 
over, we find some of them left just where they had last 
been employed in scratching the ledges — the parallel scratches 
of the boulder being placed parallel to those of the rock 
beneath.” 

The general distribution of erratics in Horth America, so 
far as that has been carefully studied, indicates transport by 
land-ice rather than icebergs. Of course some may have 
been floated by river-ice, and others may have been carried 
by icebergs and dropped over such loAV-lying regions as can 
be proved, from the presence of sea-shells in undisturbed 
deposits, to have been submerged. But erratics by them- 
selves can no longer be taken as evidence of former depres- 
sion of the land. It is a fact familiar to American geologists 
that the “trains of boulders often follow the direction of the 
grander slopes of the surface, and especially the courses of 
the larger valleys.” This we can understand if the erratics 
were carried by a glacier, but how can we suppose that the 
currents of a sea would always elect to flow along the line of 
the larger submerged valleys ? It is true that the boulders 
have often been transported “ across valleys and hills with- 
out deviation from a right line;” but the striations upon 
the rock-surfaces show that the great ice-sheet often neglected 
the minor features of the country in the same way, and there 
is lio need therefore to invoke the aid of icebergs to account 
for such erratics as have travelled across country — indeed 
the upper surface of the ice might often be moving in a 
right line, while its lower portions were flowing in obedience 
to the contour of the ground. Another excellent proof that 
the erratics have been transported by land-ice lies in the 
fact mentioned by Hitchcock, Dana, and others, that they 
sometimes occur at heights of 1,000 ft., or even more than 
* Second Am, Mep. upon Nat. Eist. ^ G$ol of 
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3,000 ft. above tbe rock-masses from lYliicb they have been 
derived. 

Amongst the so-called raised described by Professor 

Hitebcock, there is one which occurs in the White Mountains 
at a height of 2,449 ft. above the sea; but it seems most 
likely that these terraces are, as Dr. Packard and other 
writers have suggested, of freshwater origin — ^being the relics 
of glacial lakes like the Parallel Roads of Glen Roy. Many 
of the terraces in question are strewn with huge boulders, as 
if these had been stranded by rafts of ice. 

It becomes more and more apparent, indeed, that among 
American geologists the belief in a great submergence of the 
land below the sea in late glacial and postglacial times is 
passing away. Thus one of the keenest observers in the 
States, Professor J, D. Dana, can find no trace of a greater 
submergence in New England than twenty feet. The old 
sea-coast terrace, he tells us, universally but five to twenty 
feet in height.” But as one goes north the amount of 
former depression increases until, in the Gulf of St. Lawrence, 
raised beaches are encountered at an elevation of 500 ft. 
That these beaches are really marine is proved by their 
liaving yielded sea-shells, and remains of whales, seals, &g. 
Similar old sea-coasts have been met with in the Arctic 
regions at various levels up to 1,000 ft. During this 
depression of the low maritime regions, beds of clay accumu- 
lated off the coast, and became gradually stocked with shells 
of an ax'ctic type. These are the Leda clays ” of Labi^ador 
and Maine, so ably described by Dr. Dawson, Dr. Packard, 
and others.’^ It can hardly be doubted that they are the 
equivalents of the Scottish and Scandinavian shelly clays. 
The fossils which they contain are very decidedly arctic in 
the lower beds, but in the upper beds they give evidence of 
a gradually ameliorating climate. 

This period of depression eventually passed away, and the 
sea once more began to retire until it reached its present 
limits. . 

To the era of great flooded rivers succeeded a more placid 
condition of things, when the modern alluvial flats and ter- 
races which border the streams and valleys were formed. 

•J 

^ See also a paper “by G-. F. Mattbev, Tat'Uralist^ vol. Yiii. p. 104. 
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Of these, however, no further notice need be taken at 
present ; all that we are called upon to observe in regard to 
them is this, that nowhere within the area covered by the 
glacial debris laid down during the last advance of the ice- 
sheet have they yielded any remains of the old pachyderms 
and other extinct animals which, as we have seen, lived in 
the North-western States during the last interglacial period. 

In the valleys of the White Mountains, and in those of 
the Eocky Mountains and the Sierra Nevada, a number of 
terminal moraines mark the sites of local glaciers, which 
gradually dwindled down to insignificance, and even in many 
cases vanished altogether, as the cold of the glacial epoch 
passed away. 


CHAPTER SXXVI 



GMmAJj SUCCESSION OF OLACIAL AND INTEEGLACIAL 
DEPOSITS, 

ETidence for a glacial epocli in geograpMcal distribution of plants. — Traces of a 
glacial epocb, in the southern hemisphere. — 3ilr. Darwin on evidence for 
alternations of cold and warm periods in the north and sonth, — Cause of 
submergence in glacial times.— Tables of succession of glacial and inter- 
glacial deposits. 

¥ E liave now completed our review of tlie glacial deposits, 
and have learned that the succession of changes during 
the Ice Age was singularly uniform over large areas in the 
northern hemisphere. All this points unmistakably to the 
operation of cosmical influences. It is impossible to believe 
that mere local elevations and depressions of land were the 
causes that induced that remarkable rotation of cold and 
mild periods which we term the glacial epoch. What degree 
of elevation, it might be asked, would be needed to convert 
almost every mountain range and group in the northern 
hemisphere into a centre of glaciation, and, to cover northern 
Europe and northern America with great continental . ice- 
sheets ? And how, upon this hypothesis of upheaval, are 
we to explain the occurrence of interglacial deposits, which 
speak to us of wide land-surfaces clothed with luxuriant 
vegetation and inhabited by an abundant mammalian fauna ? 
Instead of appealing to movements of the earth's crust as 
the primary cause of the glacial epoch — movements which 
are assumed, without any evidence in their favour, to have 
taken place, and which, even if they did happen, would cer- 
tainly not account for a very large proportion of the geological 
phenomena— I prefer to look, for an explanation of the 
wonderful vicissitudes of glacial times, to that theory which 
is based iijion the fact that there are changes in the eccen- 
tricity of the earth’s orbit. Dr. CrolFs theory harmonizes 
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so closely with tlie facts/ and explains so much that has 
hitherto been inexplicable, that for the present it seems to 
me we must accept it as the only reasonable interpretation. 

The evidence for intensely cold climatic conditions having 
obtained in our hemisphere at a period not very remote from 
the present, rests, as we have seen, to a great extent upon 
purely geological evidence. Thus we point to ice-marks, to 
morainic deposits, and to arctic shell-beds, as proofs that the 
temperate regions in which these occur have experienced at 
some time in the past a considerably colder climate than they 
now enjoy. But the geographical distribution of many plants 
and animals tells the same tale, as Edward Forbes showed 
long ago. Thus certain alpine plants occur on the tops of 
Scottish mountains which are evidently related to similar 
forms that grow in Scandinavia; and analogous facts have 
been noted in many other regions. The inference is that 
when the cold of the glacial period was coming on, the 
northern j)lants migrated southwards to occupy the territory 
formerly held by the” temperate group, and this in like 
manner at the same time gradually crept farther south. 
When the cold began to abate migration would recommence, 
but this time it would be in the opposite direction, that is to 
say, from south to north. As the warmth returned the great 
body of the arctic or northern forms would make for the 
north, -while others would find the requisite climate by merely 
ascending the mountains. By-and-by the time would come 
when the northern and temperate groups had returned to 
their preglacial homes, but the fact of their dispersal during 
glacial times 'would be chronicled by the isolated northern 
forms found living on the tops of the mountains in temperate 
regions. These views,’' ssljs Mr. Darwin, ‘'grounded as 
they are on the perfectly well-ascertained occurrence of a 
former glacial period, seem to me to explain in so satisfactory 
a manner the present distribution of the alpine and arctic 
productions of Europe and America, that when in other 
regions we find the same species on distant mountain sum- 
mits, we may almost conclude, without other evidence, that 
a colder climate formerly permitted their migration across 
the intervening lowlands, now become too warm for their 
existence.” My limits, however, will not allow me to give 
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a digest of tlie views put forward by Edward Forbes and 
subsequently extended by Mr. Darwin, and I can only refer 
those W¥bo are not already familiar with the subject to tlie 
paper by tlie former in the Memoirs of tlie Geological Survey 
of Great Britain/’ and to Chap. SIX. of the Origin of 
Species.’’/^ 

The time will come when geologists -will endeavour to 
correlate the drift deposits of the northern with those which 
are known to occur in the southern hemisphere. At present, 
however, we are very insufficiently acquainted with the latter. 
But we shall hardly expect to meet in the south with such 
striking geological evidence for the former existence of a 
glacial period as our own hemisphere so abundantly presents. 
The southern is the great water hemisphere; south of the 
40th parallel of S. latitude we find only the extremity of 
South America (Patagonia), a portion of New Zealand, Tas- 
mania, and a number of more or less barren islands, wuth 
the ice-smothered Antarctic continent stretching towards the 
Pole. Nevertheless, insignificant as these areas are when 
contrasted with the extent of glaciated land-surfiice which 
occurs ill our own hemisphere north of the 40th parallel, we 
shall yet see that many of them yield distinct evidence of 
having experienced severer climatic conditions than obtain 
at present. Mr. Darvun, for example, showed many years 
ago that large glaciers mame down, within geologically recent 
times, to low levels in the Cordillera of South America, and 
his observations have been supplemented by Mr. D. Forbes, 
who informed Mr. Darwin that he had seen ice-worn rocks 
and scratched stones at about the height of 12,000 ft. in 
various parts of the Cordillera, between lat. 13^ and 30^ S. 
Yet no true glaciers, Mr. Darwin says, “now exist even at 
much more considerable heights along this whole sj)ace of 
the GordiUera. Farther south on both sides of the continent, 
from.lat 41^ to the southernmost extremity, we have the 
clearest evidence of former glacial action, in numerous 
immense boulders, transported far from their parent source.” 
A few years ago these observations were extended by Agassiz, 
who came to the conclusion that vast glaciers had descended 
from the mountains and overspread extensive areas in the 
See also Mr.lrVallace’s recent work, The Geographical DistnhuUon of Animak. 


GENERAL SUCCESSION OF DEPOSITS. 485 


low grounds. Drs. Haast and Hector have shown also that 
in New Zealand colossal glaciers at one time descended to 
low levels in that island ; and some traces of glacial action 
have been observed in the mountains of the south-eastern 
corner of Australia. Again, traces of considerable glaciation 
have been noted by Mr. G. W. Stow in Natal, British 
Kaffraria— the Kaga and Krome mountains ; he mentions 
the occurrence of roches moutonnees, erratic blocks, unstra- 
tified clays with angular boulders, striated boulders, and 
other glacial phenomena, all of which he refers to the action 
of land-ice. According to the theory supported in this 
volume, glacial and mild climates would alternate in the two 
hemispheres, and consequently the glacial dejoosits and 
ice-markings detected south of the equator will be either a 
little older or younger than the similar memorials met with 
in our hemisphere ; while all must of course belong to one 
and the same great epoch. At present, however, the glacial 
deposits of the south are not sufficiently known, and we 
cannot tell whether they contain any records of interglacial 
mild climates ; but a study of the distribution of animals 
and plants throws much light upon the subject. In his 
** Origin of Species ’’ this interesting question is treated by 
Mr. Darwin with his usual clearness and breadth, and I must 
again refer the reader to the chapter abeady indicated. He 
remarks that Dr. CrolFs theory throws so much light on 
geographical distribution that he is strongly inclined to trust 
in it. It accounts, for instance, for the presence on the 
temperate plains of the north and south, and on the lofty 
mountains of the tropics in all parts of the world, of either 
the same species or varieties of the same species. Great 
migrations from north to south took place, as we have seen, 
during the climax of glacial cold in our hemisphere. “As 
the cold became more intense,'’ says Mr. Darwin, “ we know 
that arctic forms invaded the temperate regions ; and from 
the facts just given, there can hariy be a doubt that some 
of the more vigorous, dominant, and widest-spreading tem- 
perate forms invaded the equatorial lowlands. The inha- 
bitants of these hot lowlands would at th® same time have 
migrated to the tropical and subtropical regions of the south, 
for the southern hemisphere was at this period warmer. On 
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tlie declme of tie glacial period, as Tbotli liemisplieres gra- 
dually recovered tieir former temperatures, tie nortlieru 
temperate forms living on tie lowlands under tie equator 
would iave been driven to their former homes or have been 
destroyed, being replaced by the equatorial forms retimiing 
from the south. Some, however, of the northern forms 
would almost certainly have ascended any adjoining high 
land, where, if sufficiently lofty, they would have long sur- 
vived like the arctic forms on the mountains of Europe. . . * 
In the regular course of events the southern hemisphere 
would in its turn be subjected to a severe glacial j)eriod, 
with the northern hemisphere rendered warmer; and then 
the southern forms would invade the equatorial lowlands, 
the northern forms which had before been left on the moun- 
tains would now descend and mingle with the southern 
forms. These latter, when the warmth returned, would 
return to their former homes, leaving some few species on 
the mountains, and carrying southward with them some of 
the northern temperate forms which had descended from 
their mountain fastnesses. Thus we should have some few 
species identically the same in the northern and southern 
temperate zones and on the mountains of the intermediate 
tropical regions. But the species left during a long time on 
these mountains, or in opposite hemispheres, would have to 
compete with many new forms, and would be exposed to 
somewhat different physical conditions ; hence they would 
be eminently liable to modification, and would generally now 
exist as varieties or as representative species; and this is 
the case."” 

Thus there are several lines of evidence which all seem to 
converge and point to one and the same conclusion, namely, 
that the glacial epoch was not one long continuous period of 
cold, but consisted rather of a succession of cold and warm 
eras. ■, 

In the course of these pages frequent mention has been 
made of the submergence of the land in glacial times. In 
the British Islands, in Scandinavia, in northern Germany, 
and in North America, we have evidence of very remarkable 
oscillations of the relative level of sea and land. These 
changes of level have usually been ascribed by geologists to 
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Hiovements of elevatioii and subsidence of tbe solid crust of 
tbe earth — ^movements -wbich are well known to bave bap- 
pened frequently in the past bistory of the globe, and wbicb 
are taking place even in our own day. But the sea may rise 
upon tbe land without any movement of the land itself. 
M. Adhemar and Dr. Croll have pointed out that a vast ice- 
cap (such as that which covered so many northern regions 
during the cold periods of the glacial epoch) would of itself 
cause a rise of the sea in the glaciated hemisphere by dis- 
placing the earth’s centre of gravity. But to what extent 
this rise would take place is uncertain. According to Dr. 
Croll, if the ice now resting on the Antarctic continent, 
which he estimates to be at least two miles in thiclmess, 
were transferred to our hemisphere, the result would be a 
very considerable submergence in northern and temperate 
latitudes. Suppose,” he says, that during the glacial 
epoch, at a time when the cold was gradually increasing on 
the northern and the warmth on the southern hemisphere, 
the ice should melt more rapidly off the antarctic continent 
than it was being formed on the arctic and sub-arctic regions ; 
suppose also that by the time a quantity of ice, equal to 
one-half what exists at present on the antarctic continent, 
had accumulated on the northern hemisphere, the whole of 
the antarctic ice had been melted away, the sea would then 
be fuller than at present by the amount of water resulting 
from the one mile of melted ice. The height to which 
this would raise the general level of the sea would be as 
follows : — 

^‘^The antarctic ice-cap is equal in area to of that 
covered by the ocean. The density of ice to that of water 
being taken at *92 to 1, it follows that 25 ft. 6 in. of ice 
melted off the cap would raise the general level of the ocean 
1 ft., and the one mile of ice melted off would raise the 
level 200 ft. This 200 ft. of rise resulting from the melted 
ice we must add to the rise resulting from the displacement 
of the earth’s centre of gravity. The removal of the two 
miles of ice from the antarctic continent would displace the 
centre of gravity 190 ft., and the formation of a mass of ice 
equal to the one-half of this on the arctic regions would carry 
the centre of gravity 95 ft. farther ; giving in all a total 
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displacement of 285 ft, tlins producing a rise of sea-level at 
tlie North Pole of 285 ft, and in the latitude of Edinburgh 
of 234f ft. Add to this the rise of 200 ft resulting from 
the melted ice, and we have then 485 ft of submergence at 
the Pole, and 4S4 ft in the latitude of Edinburgh. A rise 
to a similar extent might probably take place after the period 
of maximum glaciation, when the ice would be melting on 
the northern hemisphere more rapidly than it would be 
forming on the southern.*'^ 

There can be little doubt that M. Adhdmar and Dr. Croll 
have indicated a vera causa of changes in the relative level 
of land and sea ; and certainly it is remarkable that evidence 
of submergence should so often accompany marks of strong 
glaciation, as if the one were somehow dependent upon the 
other. In reviewing the evidence, one cannot but admit, 
therefore, that much, of the submergence in glacial times 
may be due to the transference of ice from one hemisphere 
to the other, in the manner pointed out by Dr. Croll ; but 
in the case of submergence to the extent of upwards of 
1,000 ft., as in Wales and Ireland, it seems more likely that 
•we have evidence of an actual subsidence of the land itself — 
a point which Dr. Croll is quite willing to concede. 

In concluding my account of the glacial deposits, it may 
aid the reader who wishes to follow the argument in my 
concluding chapters, if I here summarise the general results 
of our review in a series of short tabular statements. In 
each table I begin with the oldest deposits. 

Scottish Glacial Beposits. 

1. Lower accumulations of\ 

till witli subjacent and in- r Intense glacial conditions, with intervening 
tercalated interglacial fresh- t periods marked by milder conditions, 
water and marine "beds. / . 

2. Freshwater and marine de- J Land surface with trees, &c., and mammalia; tern- 

posits of last interglacial > perate climate, succeeded hy submergence and 

period. j colder conditions ; arctic and northern shells. 

S. Upper till (including most ^ 

of the shelly tiU of maritime i Ee-elevation of the land; intense glacial con- 
re^ons and. the greater pro- >■ ditions, but not so excessive as before, 
portion ot the till of inland j 
districts). J 

4. Moraiue-ddhris and perched \ 

blocks; lake terraces ; f Ice-sheet or confluent glaciers retreating ; glacial 
ancient flood-gravels, &c.; i lakes ; great floods ; large local glaciers, 
kames, fee- ) 


* Climate and Time^ p. 388. 
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5. Brick-clays ■with, arctic and 1 Further retreat of the ice ; land not so extensive 
boreal shells ; erratics. ) as now ; floating ice. 


fa. 


English Glacial Deposits. 
Cromer ** till and con- ^ 


torted drift.’ 

b. Gravel, sand, and clay 
(interglacial). 

c. Great chalky boulder- 
clay of eastern coun- 
ties, &c. ; “ northern 
drift’* of midland and 
so-uthem counties ; un- 
fossiliferous . bottom 
boulder-clay of Che- 
shire, Somerset, &c. 

d. Gravel, sand, &c. ; 

Bridlington, &c., shell- 
bed (interglacial). 

e. Purple boulder-clay of 
Yorkshire ; lower shelly 
boulder-clay of Lanca- 
shire, Cheshire, &c. 

. Hessle sand and gravel^ 
with mammalian remains, Last interglacial period ; 


Period of great oscillations of climate ; intense 
glacial conditions (with confluent glaciers 
, covering the low grounds) interrupted by 
milder intervals during which the glaciers 
retired. Cold of the earliest recognisable 
glacial period (Cromer beds) not so intense as 
during the deposition of great chalky boulder- 
clay when the climax of glacial severity; was 
reached. . Purple houlder-clay, &:c., indicates 
less severity of climate than during accumu- 
lation of chalky houlder-clay, &c. 


climate temperate ; 
Yorkshire inhabited hy the mammoth, horse, 
ox, and deer ; land becomes submerged eventu- 
ally to a depth (in Wales) of 1300 feet. 


Ci/rena Jlummalis^ and \ 
marine littoral shells 
middle sand, &:c., of Lanca- | 
shire, Cheshire, &c. 

land; return of intense 
glacial conditions; climate, however, not so 
severe as during deposition of chalky houlder- 
clay, &c. 




ger boulder-clay of Dur- 
ham, Northumberland, &c. ; 
upper shelly boulder-clay . 
of Lancashire, Cheshire, &c. j 
4. Morainic debris and per-1 
ched blocks on mountain- i 
slopes, &c., at high levels in 
Wales and Lake country; 
flood - gravels, &c. ; hum- 
mocks of gravel and sand 
= kames. 


Confluent glaciers retreating ; great floods scour- 
■ ing the drifts of the low grounds ; large local 
glaciers. 


5. Nar valley beds. 

6. Valley moraines. 


/ Climate somewhat colder than at present ; partial 
\ submergence. 

Final retreat of the glaciers. 


Ikish Glacial Deposits. 

1. Till; lower houlder-clay ' 

(probably the equivalent I Intense glacial conditions (early interglacial beds 
of the lower shelly boulder- I not certainly known to occui*). 
clay of Lancashire). j 

2. Middle sand and gravel. ^ interglacial period ; climate temperate ; 

* ( land submerged for upwards of 1,200 feet. 

T-. T, , , ( Be-elevation of the land : return of glacial con- 

3. upper boulder-clay, < ditions ; but climate not so cold probably as 

( daring deposition of lower boulder-clay. 

4. and 5, Morainic debris and ) -p . , ^ „ it- j r, , , 

perched blocks at high > confluent glaciers ; great floods ; large 

levels ; eskers, &c. | glaciers. 

6. Valley moraines. Final retreat of glaciers. 
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SCAXDINATIA^C GrIiACIAL BePOSITS. 

1. Till. Intense glacial conditions. 

i Amelioration of climate, [There would appear 
to have been more than one interglacial 
period during the glacial epoch in Sweden.] 
g / Betnm of intense glacial conditions ; glaciation 

* ‘ 1 probably not so severe. 

4. Morainic debris ; perched C Confluent glaciers retreating ; great floods ; local 
blochs ; asar, X glaciers. 

5. Clays, stUl cold; land suWged for 600 feet 

6. Moraines. Betreat of the glaciers. 


Glaciai. Beposits op Gentkaii Eueope. 


1 . Grand - moranen or tiB ; ■ 
perched blochs at high 
levels, * as on the Jura, 
Mont Sal^ve, &c., in Swit- 
zerland ; on Bllrichsherg, 
in Garmthia, &c. 

% Lignite beds, gravel, &c., 
of Bumten, &c., in Switzer- 
land ; ancient river-gravels 
at Klagenfurt in Carinthia ; 
lignite and gravel, &c., of 
Lefle, &c., in Italy [per- 
haps, also, some portion of 
the so-called Pliocene sands 
of Piedmont, &c.] 

S. Moraines overlying the 
older glacial and interglacial 
deposits. 

4. ‘^Biiuvial gravels and 
sand,” and loess in part. 

5. and 6, Kewer moraines ; 
river gravels and loess in 
part. 


Intense glacial conditions ; Alpine glaciers invade 
the low grounds of France, Baden, 'W'iirtem- 
berg, Bavaria, and Upper Austria, and the 
Yafley of the Po. 


Last interglacial period ; climate temperate, and 
somewhat like that of Switzerland now ; ele- 
phant, rhinoceros, and great bovine and cervine 
animals inhabit Centr^ Europe ; man lives in 
Switzerland. Climate changes from temperate 
to cold-temperate and glacial. 

J Beturn of glacial conditions ; new advance of 
glaciers ; climate not so intense as during for- 
mation of older grund-moranen. 

j Melting of the glaciers ; great floods. 

I Periodic retreat of the glaciers.- 


Noeth Ameeican Glacial Beposits. 

Intense glacial conditions ; ice-sheet covering all 
the north-eastern portion of the continent and 
becoming confluent in part with local glaciers 
of Bocky Mountains. Great glacial lakes 
formed during the subsequent melting of ice- 
^ sheet. 

2. ‘‘ Forest - bed ” of ^ north- 
west, ; mammalian re- 
mains of so-called driftless 
area.” 


I Last interglacial period ; climate mild or tempe- 
; rate; abundant vegetation and mammalian 
j fauna. 


1. Till or “ unmodifled drift” 
or hardpan ; ” shelly 
boulder-dajr of Canada ; ^ 
great moraines of Bocky 
Mountains, &c. 


S. jTJpper till or hardpan 

covering the Forest-hed f Betum of intense glacial conditions ; ice-sheet 
coarse gravel and sand with i not quite so extensive as before, 
erratics, in part. ■ "" ) 

^ lee-sheet retreating ; glacial lakes ; great floods ; 
" _ large local glaciers in Bocky Mountains, &o. 

&c. ; loess. J 


'at. iuoraimc aeons ana percnea 
blocks ; lake terraces ; kames 
and coarse gravel and sand, 
with erratics ; flood-gravels, 
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5. Leda clays arctic | Furtiier retreat of ice ; land not so extensive as 

stiells; erratics. j now ; floating ice, 

'•ISX” disappearance of many local glaciers. 

A glance at the foregoing tables will sliow tbat inter- 
glacial deposits occnr in Scotland, England, Ireland, Scandi- 
navia, Central Europe, and North America. That interglacial 
deposits should not be equally well developed in the glacial 
deposits of each country, ought not to surprise us. We 
must bear in mind that the preservation of such loose inco- 
herent beds must always be exceptional under the conditions 
which are known to have obtained in glacial times. But 
as I have already enlarged upon this point while treating of 
the Scotch glacial deposits, I need not trouble the reader 
with a reiDetition of the remarks referred to. 

There is one important point, however, to which I desire 
to call special attention. It is this : that in every country 
where the glacial deposits have been studied -with any atten- 
tion to details, we have clear and convincing proof of a mild 
interglacial period having supervened in what one may term 
the later stage of the glacial epoch. This — the last inter- 
glacial period — ^has left its mark alike in the British Islands, 
in Scandinavia and northern Europe, in central Europe, and 
in northern America. In Switzerland the climate of the 
period referred to was mild and genial, the elephant and the 
rhinoceros being at that time denizens of the country. In 
North America, during the same period, a widespread forest 
covered the North-western States and doubtless other 
regions, and the mastodon and elephant roamed over the 
land. Turning to the British deposits, we find that after 
the disappearance of the great ice-sheet underneath which 
the older accumulations of boulder-clay were formed, a land- 
surface appeared, with rivers and lakes, and the work of 
atmospheric erosion went on. In the fluviatile and lacustrine 
deposits of this period in Scotland we find remains of the 
mammoth, of cervine and bovine animals, of water-rats and 
frogs. In Yorkshire beds of the same age have likewise 
yielded mammalian bones, together with the freshwater shell, 
Cyrena fluminalis, which occurs commonly in the so-called 
postglacial beds of the Thames. The evidence in Scotland 
and the north-west of England shows that this land-surface 
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was eventually submerged in a sea whose waters were colder 
than those that now lave our shores. 

The middle sands of Lancashire, &c., are generally thought 
to be the only representatives we have in England of this 
last interglacial period. The Hessle beds, however, which 
give evidence of terrestrial conditions, must, as I believe, be 
relegated to the same mild interval in the glacial epoch. 
Thus it would seem that in England, as in Scotland, dry land 
appeared after the ice-sheet which deposited the purple 
boulder-clay of Yoidcshire and the lower shelly boulder-clay 
of Lancashire, &c., had melted away, and that rivers flowed 
in our valleys and effected great erosion long before the land 
sank down below the sea to receive its covering of middle 
sands.*' Have we, then, any remains of that old land- 
surface in England other than those that occur at Hessle ? 
are there any English river-gravels that can be correlated 
with the lignite beds of Switzerland ? I believe that such 
river-gravels do exist, and that these have hitherto been 
erroneously referred to postglacial times. The consideration 
of this important point brings us, as we shall presently see, 
face to face with the question of the antiquity of man ; for 
it is in these so-called postglacial deposits that the earliest 
traces of man have been detected. 


CHAPTER XXXVII. 


CAVjS-BEPOSITS AifD ANCIENT RIVER-GBAVELS OF ENGLAND. 

PreListorio deposits.—Stone, Bronze, and Iron ages. — Palaeolithicjor Old Stone 
period. — ^Neolithic or New Stone period.— Universal distribution throughout 
the British Islands of neolithic implements. — Animal remains associated with 
neolithic relics. — -Palseolithic implements. — ^Absence of intermediate types. — 
Break between palmolithic and neolithic periods. — Caves and cave-deposits, 
— Kent’s cavern, Torquay. — Succession of deposits. — River-gravels, ij&c., 
with mammalian remains and palseolithic implements. — Geographical 
changes during paleolithic period. — Disturbance and partial reconstruction 
by river-beds before neolithic times. — Gap between neolithic and palseo- 
lithic deposits. 

A FASCINATION attaches to the early history of every 
people. We long to penetrate that mystery -which the 
lapse of ages has drawn like a thick curtain round the 
cradle of our race. How eagerly do we scan the oldest 
written records that have any reference to our country and 
its people ; and how assiduously do we try to shape a 
coherent story out of those vague myths, legends, and tradi- 
tions which have come down to us from the long-forgotten 
past. But there are memorials of man in this, as in other 
countries, which date back to so remote a period that even 
the oldest traditions have nothing whatever to say about 
them. The English historian begins his narrative with the 
Roman invasion, and the archaeologist until recent years 
could hardly trace the story farther back ; but now he can 
tell us of a time infinitely far beyond the first diTn beginnings 
of history and tradition, when races of savage men and tribes 
of wild animals, some of which have long been extinct, were 
denizens of Britain. Hitherto we had been taught to look 
upon Stonehenge and the so-called Druid-circles as the oldest 
memorials of mau in this country — ^mysterious monuments 
belonging to the shadowy past, about whose age and uses 
only va,gue conjectures could he offered. If older races than 
the builders of Stonehenge ever lived in Britain, we knew 


494 


THE GREAT ICE AGE. 


Bothing, and could hardly hope to know anything, about 
them. The past was apparently separated from us by a gulf 
which it was vain to think that any ingenuity would succeed 
in bridging oven 

Now all this is changed. The massive monoliths of Stone- 
henge, however venerable their antiquity, seem but as struc- 
tures of yesterday ; the standing-stones of Avebury, of 
Callernisli, and Stennis, the so-called vitrified forts, the 
round towers of Ireland, and all those remains of ancient 
camps, dwellings, and burial-places so abundantly met with 
throughout the British Islands, are of immeasurably more 
recent date than certain rude stone implements which our 
cave-deposits and ancient river-gravels have yielded. Since 
Stonehenge rose upon Salisbury plains no great change 
in the physical geography of Britain has taken place. The 
destruction of ancient forests and the cultivation of the soil 
have doubtless in some measure altered the aspect of the land, 
and influenced the character of the climate. Our hills and 
valleys, however, we are sure have remained the same, and 
even the coast-line has experienced probably little change. 
Changes undoubtedly there have been, yet none so consider- 
able as to invalidate the truth of the statement, that since 
the days of the builders of Stonehenge no great geological 
revolution has taken place in Britain. But the rude stone 
implements to which I have referred date back to a period 
when the appearance presented by our country differed 
greatly from that which obtains now ; and for so vast a time 
did the old tribes who used these rude implements occupy 
the British area, that the slowly-acting forces of Nature were 
enabled, during that time, to bring about many geological 
changes, each of which required long ages for its evolution. 

What, then, is the nature of that evidence which has 
weighed with archseologists and geologists in assigning to 
man this great antiquity? It would lead me far beyond the 
limits I have set for myself were I here to attempt anything 
like a detailed account of the archaeological evidence. My 
object will be sufficiently served if I give only a brief outline 
of the general results.^ 

* Tlie reader wlio desires fuller information must consult Sir J. Liibliock’s E'e* 
Mstoric Times, and lUr. Evans’s Ancient Stone Implements of Great Britain. 
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All those monuments and memorials of man -wliicli belong 
to prehistoric times have been arranged by archssologists 
under three groups. The classification adopted is based 
chiefly upon the distinguishing features presented by such 
objects of workmanship as weapons, implements, and personal 
ornaments. The oldest group comprises implements of 
stone ; next in order come hronze relics; and these are suc- 
ceeded by tools and weapons of iron. The articles of stone 
indicate upon the whole a much lower grade of development 
than those of metal, and hence archaeologists have inferred 
that the races who used stone-lmives, hatchets, and hammers 
preceded in time those to whom the use of metal was known. 
In like manner they have argued that cutting-tools and 
weapons of bronze were sup|)lanted by weapons of iron — the 
use of iron for such purposes evincing more Imowledge of 
the metals and a greater advance in civilisation. Hence it 
is customary to speak of the Stone Age, the Bronze Age, and 
the Iron Age. 

Geological investigations have strongly supported this 
classification — deposits containing the stone implements 
having been proved in many ways to be older than those 
which have yielded relics of bronze, just as these latter have 
been shown to belong as a whole to an older j)^riod than 
weapons and tools of iron. But while we speak of these 
three ages it must be distinctly understood that they are not 
separated from each other by any hard and fast line. The 
manufacture of stone tools and weapons did not die out all 
of a sudden, and the employment of bronze immediately 
succeed. On the contrary, stone hammers and implements 
continued in some use long after bronze had been introduced, 
just as this latter certainly found favour and was extensively 
employed, especially for ornamental purposes, after the 
advantages of iron for loiives and swords had become 
recognised. 

With the bronze and iron ages, however, the geologist 
proper has comparatively little to do: although, did space 
permit, it could be shown that even in regard to the history 
of these two ages, he might have something not uninteresting 
to say. But as I have already remarked, the physical 
changes which have supervened since the beginning of the 
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bronze age, sink into insignificance before tliose wMcli can be 
shown to liaye taken place during the preceding stone age. 
It is to the relies of this latter age, then, and the lessons 
■wMck tliese seem to teach, that I wish now to direct 
attention. 

The stone age is subdivided into two periods, which are 
termed respectively the Neolithic or New Stone period, and 
the PaliBolithic or Old Stone period. To the former belong 
those implements and weapons -which are often more or less 
polished and finely finished, and which in variety of form 
and frequent elegance of design evince no inconsiderable skill 
on the part of the old workmen. 

These relics occur, it may be said, throughout the whole 
length and breadth *of the land — from the extreme north of 
Scotland to the south of England, and they are equally 
abundant in the sister island. As a rule, they are met with 
either at or near the surface of the ground, and they very 
frequently appear associated with the remains of such 
animals as the dog, the horse, the sheep, the pig, and certain 
species of oxen which are believed to have been the precursors 
of the present breeds. 

The weapons and implements belonging to the older or 
palaeolithic period are altogether of ruder form and finish. 
They are merely chipped into the requisite shape of adze, 
hatchet, scraper, or whatever the implement may chance to 
be. Although considerable dexterity is shown in the 
fashioning of these rude implements, yet they certainly 
evince much less skill on the part of the tool-maker than 
the relics of the newer or neolithic period. It is somewdiat 
notew^'orthy also that while the implements of the neolithic 
period are made of various kinds of stones, those of the 
palseolithic period consist almost exclusively of flint ; and so 
characteristic are the shape and fashion of the latter, that an 
experienced archaeologist has no difficulty in recognising and 
distinguishing them at once from relics of neolithic age. 

We find no tools or , weapons of intermediate forms which 
might indicate a gradual improvement and progress from the 
rude types characteristic of palseolithic times to the more 
finished implements used by neolithic man. The one set of 
relics is sharply marked off from the other. Even a casual 
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observer cannot fail to notice tlie marked difference between 
a collection of iieolitHc implements and one of paleolithic 
flint hatchets. Nor can we help thinking that the people 
who nsed the latter were far less advanced than, and decidedly 
inferior in mechanical skill and contrivance to, the race or 
races by whom the polished implements were fashioned. 

A distinct passage can be traced from the new stone period 
into the age of bronze. We can see plainly how neolithic 
man continued to improve the shape and fashion of stone 
implements, until at last he acquired a knowledge of the use 
of metals. But between the disappearance of palaeolithic 
man and the advent of his neolithic successor occurs a blank 
which hitherto the ingenuity of archaeologists has failed to 
bridge over. Why is it that while a jeassage can be traced 
from the new stone period into the bronze age, the two 
periods of stone should yet be separated by a clear line of 
demarcation ? The social conditions and degree of advance 
shadowed forth by the appearance of the rude palasolithie 
implements belong to a lower grade of civilisation than that 
which the polished stone implements represent. It is not 
probable, but in the highest degree unlikely, that men would 
suddenly and completely abandon the use of rudely-chipped 
flint-hatchets, and all at once, as by a kind of inspiration, 
acquire the skill to fashion elegantly-shaped and even finely- 
polished implements of various kinds of stone. Long years 
were surely required for such a measure of progress. Had 
the palscolithic period in Britain merged continuously into 
neolithic times, it seems certain that the older rude forms 
would have been gradually improved upon, both as regards 
shape and finish. Moreover, if one may judge from modern 
analogies, this improvement -would be a very slow process. 
We know that many savage tribes in building their huts 
continue repeating the same kind of structure from genera- 
tion to generation, just as the birds do with their nests. 
We know also that in the fashioning of their implements and 
weapons they often show extremely little or even no advance 
whatever upon their forefathers. But, as just stated, we 
find no trace of any intermediate age of gradual progress 
linking on, as it were, the palaeolithic to the neolithic period. 
If such an. intermediate stage had obtained in Britain we 
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should long ere this have discovered some evidence ^of it. 
Nothing of the kind, however, occnrs, and we must explain 
its absence as best we may. But the fact of this break in 
the succession — this hiatus or gap in the record— will be 
rendered more apparent after we have learned something as 
to the mode and position in^which the older stone implements 
occur. 

Implements of palseolithic age are met with in caves and 
in certain ancient river-gravels under circumstances which 
we shall presently see argue for these relics a very great 
antiquity. 

In the limestone districts of England caverns more or less 
abound. These remarkable cavities are formed by the slow 
percolation through the rock of acidulated water in the 
following manner. Rain-water absorbs carbonic acid from 
the atmosphere, and, after passing over and sinking through 
the soil, always takes up more, which it derives from decaying 
organic matter. Thus acidulated, it soaks downward through 
the rock by natural cracks and fissures, the walls of which it 
gradually dissolves, and eventual^ makes its exit at some 
lower level as a spring or springs of Imrcl water. In the 
course of long ages this constant circulation of rain-w^ater and 
springs, and consequent waste of limestone, result in the 
formation of caves and winding galleries, through which very 
frequently considerable streams have found their way as 
underground rivers. Thus, both by chemical action and by 
the tear and wear of aqueous erosion, these subterranean 
galleries and caves have been gradually widened and deepened. 
When traced from lower to higher levels they prove in not a 
few cases to have once communicated with the upper surface 
by wide apertures, formed either by the falling-in of the roof 
or by the water eating along some natural fissure. Many of 
these apertures, how^ever, are now closed up with calcareous 
matter and heterogeneous debris. 

After streams had flowed in such underground channels 
for a longer or shorter time, they were often at last compelled 
to abandon them, either owning to one or other of the many 
changes which the subterranean forces have brought about, 
or to some local shifting of the subaerial part of their course, 
such as frequently happens during heavy floods. Caves 
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wMcli were in this way deserted naturally became the dens 
of wild beasts or the abodes of savage men. 

Thus in the phenomena of the English caves we have, as 
Sir Charles Lyell has pointed out, the following succession of 
changes ; 1st, a period when the caves and tortuous galleries 
were licked out by the percolation of acidulated water ; 2nd, 
a time when these hollows became the channels of engulphed 
streams ; and, 3rd, a period when these streams disappeared, 
and the caves were occupied by wild beasts and men, whose 
remains are now found commingled upon the floors of the 
caverns. 

Let us now briefly examine the mode in which these 
remains occur. For this purpose it will be sufficient to 
select one example, as this may be considered typical of all 
the others. Our specimen cave is the famous Kent’s 
Cavern near Torquay, which has been systematically ransacked 
for some years under the direction of a committee of the 
British Association, the details of the investigation being 
from time to time communicated by Mr. Pengelly, who has 
personally superintended the operations.* 

The deposits met with upon the floor of the cave are 
given in descending order as follows : — 

1. Large blocks of limestone, sometimes cemented together 
by stalagmite. 

2. A layer of black muddy mould, 3 in. to 12 in. in 
thickness. 

3. Stalagmite 16 in. to 20 in. thick, reaching 5 ft. in part, 
almost continuous, containing large fragments of limestone, a 
human jaw, and remains of extinct animals. 

4. Eed cave-earth, varying in thiclmess, and containing 
50 per cent, of angular fragments of limestone, with numerous 
bones of extinct animals, and implements fashioned by the 
hand of man. Excavated to a depth of 4 ft. 

5. Crystalline stalagmite in places 12 ft. thick, with bones 
of the cave-bear. 

6. Breccia and|red loam, with remains of the cave-bear, 
and some human implements. 

* 4"^^ det^s are given in Mr. Pengelly’s interesting yearly reports, Brit. Ass. 

Deginning in 1865; tlie same geologisfc gives an admirable summary of tlie 
evidence in a Lecture to the working classes at Mancliester ; see also Mr. Evans’s 
Aneimi Stone Implements; and Sir G. Lyell’ s Antiquity of Man, 
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The large blocks of limestone that cumber the floor of the 
caYern have of course faHen from the roof. The layer of 
black muddy mould which immediately underlies them has 
yielded portions of the human skeleton, along with fragments 
of pottery and articles of stone and bronze. Besides these 
there also occur bones of deer, oxen, sheep, pig, and other 
animals which are still indigenous to the country. There is 
nothing therefore to indicate that this upper deposit is of 
great antiquity ; some of the remains indeed appear to belong 
to the Romano-British period. 

The black mould rests upon a pavement of stalagmite — 
deposit which is formed by tlie drip of water holding carbo- 
nate of lime in solution. The accumulation of this deposit 
must in most cases be a very slow process, nor are wm in 
much danger of over-estimating the time required for the 
growth of the stalagmite in Kent’s Cave. A solid cake of 
stalagmite, varying in thickness from 1 in. to 5 ft., and 
almost continuous over the whole floor of this extensive cave, 
implies the lapse of a very long time. We have to conceive 
of it forming gradually, as drop after drop of lime-water fell 
from the roof and evaporated upon the floor. Kor was its 
accumulation at all likely to have been continuous : some- 
times the drip “would be in one place, sometimes in another ; 
and indeed portions of the roof and floor might remain dry 
during lengthened periods. One may gather some notion of 
the time required to form a layer of stalagmite 5 ft. thick, 
when he reflects that some two thousand years have elapsed 
since the Romano-British remains were left upon the floor of 
the cave, and that in all that time the deposition of stalagmite 
has been very partial — many parts being quite free from it, 
while where thickest it does not exceed 6 in.; in fact the 
deposit occurs only in patches.* 

Below the stalagmite comes a mass of red earth or loam, 
of irregular thickness. It has not been excavated to a greater 
depth than 4 ft. Both the stalagmite and the underlying 

Of course, the rate at which stalagmite forms depends almost entirely on the 
quantity of acidulated water passing through the rock. In some caves the rate 
will he excessive; in others again it wiii be very slow. Hence, even if we 
ascertained the rate at which the stalagmite increased in one particular cave, still 
that would give us no criterion by which to estimate the time required for the 
growth of stalagmite in any other cave, for the conditions in separate caves are 
never likely to he precisely the same. ^ 



cave-earths have yielded a large quantity of hones and teeth 
of extinct, or no longer indigenous, mammalia, commingled 
i with which are numerous implements of flint and some of 

horn, presenting,” as Mr. Pengelly says, a character so 
, humble and so little varied as to betoken a very low type 

1 of civilisation.” 

I Scattered throughout the whole deposit, in stalagmite and 

earth alike, occur many fragments of limestone, similar to 
those which overlaid the black mould. 

I IJnderneath the cave-earth in certain parts a lower bed of 

! stalagmite appears, which reaches in places the great thick- 

i ness of 12 ft. This ancient deposit rests upon a second cave- 

! earth or breccia, in which human implements and numerous 

remains of the cave-bear have been found. When one reflects 
on the length of time required for the formation of 12 ft. of 
! stalagmite, the great antiquity of these lower deposits cannot 

I fail to astonish him. 

I There are many interesting questions suggested by the 

i remarkable commingling of mammalian remains in these cave 

accumulations, but I shall reserve what I have to say upon 
this subject to a succeeding chapter. Meanwhile the lessons 
I we learn from the English caves would appear to be these : — 

I 1st. That man and certain locally or altogether extinct 

i animals co-existed in England at some remote period. 

2nd. That the long duration of this period is shown by 
! the thickness of the stalagmitic pavements, which rest upon 

and are intercalated with the cave-earth ; and by the evidence 
of drip which is more or less conspicuous all through the 
; cave-earth itself. 

3rd. That after having occupied the English caves for 
untold ages palaeolithic man disappeared for ever, and with 

i him vanished many animals now either locally or wholly 
extinct. 

4th. That the deposits immediately overlying the stalag- 
mite and cave-earth contain an almost totally different assem- 
blage of animal remains, along with relics of the neolithic, 
i bronze, iron, and historic periods. 

5 th. That there is no passage, hut on the contrary a sharp 
and abrupt break, between these later deposits and the 
underlying palaeolithic accumulations. 
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But if cavern-deposits suggest a Hgli antiquity for our 
race, still more does tlie evidence supplied by certain river- 
deposits, wMcb now fall to be described. 

It has long been known to geologists that in the south 
and south-east of England sheets and beds of gravel fre- 
quently occur in positions which are not, and never can be, 
reached by the present rivers. They rest upon the gentle 
slopes of the valleys in those regions at a height often of 
many feet above the streams ; nay, they even occur on some 
hill-tops, and are spread over more or less isolated plateaux, 
that terminate abruptly at the margin of the sea — in both 
cases occupying positions which are quite beyond the reach 
of any possible river-floods. Nevertheless, in many cases 
there can be no doubt whatever that the deposits referred to 
are actually the products of river-action, and were accumulated 
just where we see them by running water. But if this be so 



Pig. 67.— -Diagram to explain formation of river-grayels and loess or flood-loam : 
ab e river-gravels, V c’ flood-loam ; 1 2 3 successive levels of river erosion. * 
(After Sir J. Lubbock: Fre hist. Times^ p. 381.) 

— and it cannot be otherwise — then great changes in the 
drainage-system of the south of England must have taken 
place since these old gravels and loams were deposited. The 
accompanying illustration' — a diagrammatic section across 
a river-valley — mil make this intelHgible. The horizontal 
line 1 indicates the level at which the river flowed -when 
the deposits a and a-' were laid down, a being gravel and 
a' loam. The former of these deposits marks out the bed 
of the ancient river at its average flow, while the loam d 
represents the finer material which the water during flood- 
time spread along the low-lying slopes of the valley. As the 
river continued to flow it gradually ate into the underlying 
rock, until at last it reached the level marked 2. The gravel 
bed s was then formed, and the flood-loam 5^ was deposited 
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fiboTO the older gravel bed a. In the same manner, when 
the stream had dug down to the lowest level 3, the gravel bed 
0 was accumulated, while the flood-loam d overspread the 
gravel of the higher level 2. Thus the deposits of gravel, 
sand, and loam that cover the slopes of these valleys mark 
out the successive levels occupied by the rivers as they 
slowly excavated the solid rocks to attain their present 
channels. 

That the work of excavation required a long time for its 
performance no one ‘will doubt. The erosion of sohd rocks 
by running “water, and the formation of thick accumulations 
of well-rounded gravel are necessarily very slow processes. 
Nor is it difflcult to understand that the excavation of a 
valley thirty or forty miles in length, by some half-mile or 
more in breadth, to a depth of 50 or 100 ft., must have 
occupied a very long time indeed. 

Now in almost all the old gravels which have just been 
described as lying quite beyond the reach of the present 
rivers, and as marking the successive stages of that erosion 
which eventually succeeded in giving to the valleys their 
present depth, flint instruments are found in greater or less 
abundance. And from this it follows, as a matter of course, 
that man was an occupant of our country many long ages 
before the valleys in the south of England were hollowed out 
and made to assume the appearance which they now present. 
In those early times the rivers did indeed flow, for the most 
part, in the same general direction as they do now ; but this 
■was at levels, and in positions above the highest points which 
even the heaviest floods in our day could attain. 

But this is not all. The old flood-loams and gravels have 
also yielded numerous remains of many extinct animals which 
are associated with the flint implements in such a way as to 
lead irresistibly to the conclusion that both were deposited 
contemporaneously. All these implements belong without 
exception to the palaeolithic period. In none of the ancient 
river deposits do any traces of the neolithic age appear. 
Had polished implements of stone occurred in any of these 
old gravels even in small quantities, they could hardly have 
escaped detection ; but w^hen any such relics do happen to 
occur in alluvial deposits, these latter are invariably found to 
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occupy positions wHcli prove them to be of much more recent 
date than even the latest accumulations of what we term the 
ancient river-gravels. They are, in short, found at or quite 
close to the surface, and associated with such animals as the 
pig, the horse, the dog, oxen, &c. 

To those W’ho have never pondered over the subject the 
facts thus briefly stated may possibly not convey any vivid 
impression of the great antiquity of palseolithic remains. In- 
deed, an adequate conception of the vast lapse of time implied 
can only be attained by those who are willing to examine the 
evidence for themselves. Yet before passing to the next part 
of my subject, I may roughly indicate some of the geogra- 
phical conditions that obtained in the south of England during 
the palseolithic period, in the hope that this may convey a 
livelier impression of the antiquity of man as an occupant of 
our country. 

When pahnolithic man lived in the south of England the 
Isle of Wight formed part of the mainland — a range of chalk 
downs, at least 600 ft. in height, running east of the Isle of 
Purbeck, and joining on to the Needles. The rivers that 
traverse Dorset, together with the Avon and the Stour, then 
united in one large river and flow^ed eastwards along a broad 
valley which is now’’ occupied by the Solent and Spithead, 
while Southampton Water at that early period formed merely 
an affluent of the same great stream.* The gravel that paved 
the bed of this ancient river before it had cut its w^ay deep 
down into the older Tertiary deposits, is now found capping 
the cliffs of the mainland at heights ranging frozn 50 ft. to 
130 ft. above the level of the sea. 

Again, so long a time elapsed during the palseolithic age 
that the Thames at London was able to excavate its valley to 
a breadth of four miles, and to a depth of not less than 100 ft. 
Everywhere, indeed, thmughout the south of England we 
have the most clear and convmcing evidence that the land 
was worn away bjr streams and rivers which, at the beginning 

* The EeY. 'W. Fox of Brixton was the first to infer the former existence of 
this, ancient river ; G-mlogkt^ vol. y. p. 452. The "whole subject has been, 
worked out in great detail by Mr- T. Codrington {Qmrterly %iirnctZ of the 
(jeologkul Yol. xxyi, p. 528) ; see also Mr. Evans’s Ancient Stone ImpU^ 

ments, p. 605 ; the two last-named authors arrived independently at snhstantially 
the same conclusion. 
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of the palasolithie age, flowed at a height of 20, 40, 60, or 
100 ft, and more above the present levels ; and the deepen^ 
ing of these valleys w^as completed before the neolithic age 
commenced. Everywhere, too, we find convincing proofs that 
during paleolithic times our shores stretched much farther 
out to sea. When we remember,” says Mr. Evans, that 
the traditions of our mighty and historic capital, now extend- 
ing across the valley, do not carry us back even to the 
close of that period of many centuries, when a bronze-using 
people occupied this island ; when we bear in mind that 
beyond that period lies another of probably far longer dura- 
tion, when our barbaric predecessors sometimes polished their 
stone implements, but -were still unacquainted with the use 
of metallic tools ; — when to the historic, bronze, and neolithic 
ages we mentally add that long series of years, which must 
have been required for the old fauna, with the mammoth and 
rhinoceros, and other to us strange and unaccustomed forms, to 
be supplanted by a group of animals more closely resembling 
those of the present day ; — and when, remembering all this, 
we realise the fact that all these vast periods of years have 
intervened since the completion of the excavation of the 
valley, and the close of the palaeolithic period, the mind 
is almost lost in amazement at the vista of antiquity dis- 
played.”* 

More than this, not only do the palaeolithic and ossiferous 
gravels afford evidence of having been deposited by rivers 
during a long protracted period of time, which enabled them 
slowdy to erode the valleys of southern England to their 
present depth, but they also yield unmistakable proof of 
having been finally subjected to disturbance and reconstruc- 
tion- — a disturbance and reconstruction which were certainly 
completed before the advent of neolithic man in Britain. 
Thus w-e meet with gravels of the age in question scattered 
over the whole length and breadth of some districts, resting 
alike on valley-bottom, hill-side, and hill-top — in fact 
wrapping the country in a more or less continuous mantle. 
No river-action wull account for these appearances. The 
gravels, no doubt, lie thickest in the valleys, but they sweep 
up the hill-sides and over the hill-tops into totally different 

^ Ancient Stone Implements^ &c., p. 622 . 
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drainage areas ; and, as Mr. J. W. Flower lias well remarked,* 
tlie basins from wbicli the present rivers are fed are altogether 
insufficient to supply the requisite amount of water. I 
recently was fortunate enough to visit the district round 
Brandon, under the guidance of my colleague, Mr. Skertchly, 
who was at that time engaged in examining the ground for 
the Geological Survey. After we had gone over a consider- 
able area, and noted the wide distribution of the gravels and 
their anomalous positions, it became evident that, as my 
friend said, if the gravels owed their distribution to river- 
action, then the river which scattered them must have been 
broad enough to cover the whole country like a wide sea. 

Then, again, no mere river-action will account for the 
coarse and tumultuous aspect so often presented by the 
palseolithic gravels. One frequently sees sand, clay, grit, 
well-rounded stones, angular blocks, and sharp-edged debris 
all huddled together in the direst confusion — ^the larger stones 
often standing on end, and not lying in the position they 
must have assumed under ordinary river-action. I might 
enter into further details here for the purpose of showing that 
the ancient ossiferous river-gravels of southern England have 
been subjected to some powerful disturbing force since the 
time of their formation, but as my friend Mr. Skertchly, 
whose acquaintance with the phenomena is much more inti- 
mate and extensive than mine, has been good enough to 
furnish me with some notes on the implement-bearing gravels 
of the districts examined by him, I gladly refer the reader 
to Chapter XL., where my friend tells his own tale. The 
cause of the great disturbances referred to I shall point out 
when I come to consider in detail the geological position of 
the pateolithic deposits. 

In fine, then, whether we have reference to the evidence 
furnished by the cave-deposits or to that supplied by the 
river-gravels, we are alike assured that after the disappear- 
ance of palaeolithic man, and before the advent of his neolithic 
successor, there supervened a period of unknown but neces- 

* Quart low. Qeat See. ^ toI. xxy. p. 458. Mr, Flower mentions tlie fact that 
at Brandon he saw paljeolitMc gravels at a height of 80 feet above the source of 
the river (Little Ouse), where they were hot commanded by any higher grounds, 
from which a river capable of leaving such a deposit could possibly have been 
supplied. 
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sarily of great duration. Tliere is no direct passage from the 
older into the newer deposits — the latter overlie the former 
unconformahly. It now becomes our task to ascertain, if 
possible, what it was which interrupted the sequence — ^to 
discover what is meant by the break or hiatus that separates 
palaeolithic from neolithic times. 


CHAPTEja XXXVIII. 


CLIMATE OF THE PALAEOLITHIC PERIOD. 

Groups of mammalian remains associated together in paleolithic ^deposits. — 
Southern, arctic, and temperate species. — Theory of annual migrations. — 
Condition of this country during paleolithic period. — Cause of extreme 
climate of Siberia. — Supposed elevation of Mediterranean area in palseo- 
lithic times. — Probable climatic effects of such an elevation. — Climate of 
■western Europe iuring paleolithic period not ‘^continental’’ but “insular.” 
— Conclusions. 

R eference Fas been made in tlie preceding chapter to 
' the fact that both in cave-deposits and riyer-grayels 
human implements are found associated, with numerous mam- 
malian remains belonging to species many of which are either 
now locally or wholly extinct. The appearance of these 
remains suggests many interesting inquiries, but at present 
I shall confine attention to one question — ^namely, what were 
the climatic conditions under which these animals occupied 
our country ? 

The species naturally arrange themselves in three groups 
the first embracing those animals which are either at present 
living in warm climates, or which have in southern regions 
their nearest representatives ; the second comprising animals 
of arctic and northern habitats ; and the third containing such 
species as inhabit temperate latitudes. 

In the first or southern group we meet with the lion, the 
tiger, the spotted hymna, two extinct species of elephant, and 
two of rhinoceros, Felis caff er, Maiclicdrodus latidens^ 
extinct species of tiger furnished with terrible sabre-like 
teeth, and the hippopotamus. 

In the second or northern group occur the glutton, the 
reindeer, the mnsk-sheep, the pouched marmot, the alpine 

^ In these notes I have availed myself of the lists given by Mr. Boyd 
Dawkins in several papers ; see Quarterly Journal of the Geological Society^ vol. 
XXV. p, 192; JPoptdar Science Beview, 1871, p. 388; Quart Jour, GeoL Soe. ,1^7% 
p. 410. See also tbe same author’s CareSmting, 
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Bare, tlae lemming, and tBe extinct woolly rliinoceros and 
mammotli ; tBe latter animal, Bowever, probably ranged far 
into temperate regions. 

TBe third or temperate group comprises the bison, the 
great urns, the grisly bear, tlie caye-bear, tBe Irish elk, and 
Brown's deer (the last three being extinct species). Besides 
these we find also the lynx, wild cat, ermine, stoat, weasel, 
martin cat, otter, wild boai-, horse, beaver, and other smaller 
animals which are still indigenous to Britain. 

The panther, the fox, and the wolf also occur in British 
palfBolithic deposits ; but since these animals are capable of 
bearing great vicissitudes of climate, it is evident, as Mr. 
Dawkins remarks, that they can tell us nothing definite about 
the climate of our country during palmolitliic times. 

Now what does this very remarkable assemblage of animals 
indicate ? How are we to exjDlain the occurrence in our 
caves and river-deposits of species belonging to such widely- 
separated zones ? In what manner have the hippopotamus, 
the reindeer, and the musk-sheep become entombed in our 
ancient superficial deposits ? I need hardly say it is quite 
impossible that these animals could have lived side by side. 
The musk-sheep, like the reindeer, feeds chiefly on lichens 
and grasses. In the warm months it ranges to Melville 
Island, and its remains were found by Dr. Kane as far north 
as the dreary regions of Smith's Sound. Even during the 
•coldest season of the year it does not wander farther south 
than the southern borders of the Barren Grounds. In 
Europe, the reindeer, as every one knows, is confined to Lap- 
land and Norway. The hippopotamus, on the other hand, is 
restricted to the rivers of middle and southern Africa. At 
the same time it is highly probable that it may have ranged 
within comparatively recent times as far north as Nubia. 
Nay, we may even admit that the physical condition of 
Egypt is such as would be quite suited to the wants of the 
great river-horse, and that the present restricted range of that 
animal is due to other than climatic causes. But although 
we thus widen the limits within which the hippopotamus 
might live and flourish, there still intervenes a vast region up 
to the mountains of Norway, throughout which the conditions 
are equally unsuited to the reindeer and the hippopotamus. 
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Ttese two animals, in sliort, belong to distinct and widely- 
separated zones. 

Tarious theories have been proposed to account for the 
intermingling in onr superficial deposits of such discordant 
species. Some bave held that the hippopotamus may haye 
been covered, like the mammoth, with a thick woolly coat, to 
enable it to brave the severe winters of the north ; but it is 
impossible to believe that an animal the greater part of whose 
time is spent in the water could have lived in a country that 
was occupied at the same time by musk-sheep, reindeer, and 
gluttons — the presence of such characteristic arctic species 
clearly implying that during winter at least our rivers were 
frozen over. 

Another view which has been largely adopted attempts to 
get over the difficulty by assuming that during the accumu- 
lation of our river-deposits Britain was marked by a kind of 
Siberian climate — ^by strongly contrasted summers and w^inters. 
The summers are supposed to have been so warm and genial 
that they wooed to the latitude of Britain the elephant and 
hippopotamus, which upon the approach of winter beat a 
rapid retreat to the south — the country they had just vacated 
being next invaded from the north by the arctic mammalia. 
A parallel to this state of things was thought to be found in 
Siberia, where at the present day, as is well known, great 
annual migrations of the fauna take place. During the 
intense cold of winter the reindeer roam in vast herds towards 
the south to gain the shelter of the forest-lands, and thus 
encroach upon the province of the moose-deer, or elk, where 
they become the prey of the tiger. As the cold of winter 
disappears the reindeer again pass to the north, whither they 
are foliow^ed by foxes, wolves, and bears. Similar migrations 
characterize the fauna of the northern latitudes of North 
America. In both cases, however, the migrations are between 
arctic and temperate zones, and are therefore hardly compar- 
able to the migrations which (if this theory be true) must 
have characterized Europe during palaeolithic times. The 
invasion by the reindeer of the province occupied by the elk 
does not astonish us, for their territories border and overlap. 
But it is extremely difficult, or even impossible, to believe 
that the musk-sheep and the hippopotamus could ever have 
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traversed tlie same country in tlie same year ; at all events, 
we know of no annual migration so astounding as this. 
Furthermore, it cannot be said that the hippopotamus, the 
rhinoceros, or the elephant are migratory animals. The tiger, 
as we know, will travel far from his usual head-quarters in 
pursuit of prey, but we cannot say as much for the lion and 
the spotted hysena. The frequency with which remains of 
these animals, more especially the hysena, occur in our caves, 
shows clearly that they were not mere summer visitors, but 
actual denizens of the country throughout the year. Look- 
ing therefore simply to the character of those species that 
make up the southern group, there appear to be strong 
grounds for rejecting the "'migration theory.’" And we are 
inclined still more strongly to this opinion when we come to 
consider the climatic conditions imder which, according to 
that theory, these animals inhabited Britain. 

It is inferred that the southern and northern groups oscil- 
lated to and fro with the seasons at a time when the British 
Islands were joined to themselves and the Continent, and 
when the conditions were such that snow and ice still covered 
large areas in Wales, the north of England, Scotland, and 
Ireland; it is held, in short, that the pateolithic age corre- 
sponds to the latest period of glaciation in our country. 

Now it would not be difScult to show that, with the pre- 
sence of perennial snow and ice in the high grounds of 
Great Britain, our rivers would remain frozen over for a great 
part of the year. During the summer they would sometimes 
burst their icy bonds, and, swollen with heavy rains and the 
torrents derived from the melting of the snow-fields and 
glaciers, would overflow the low grounds and carry devasta- 
tion far and wide. Over broad areas in our vallej^s, there- 
fore, there could be little vegetation."^ Such areas as were 
not covered with snow might perhaps support scraggy birch 
and pine, and here and there tall grasses and dwarf willows 
might nestle in sheltered hollows; but mosses and lichens 

* Those who are familiar with the glacier-vaUeys of Switzerland and Scan- 
dinavia will understand what I mean. If even in such valleys the rivers escaping 
from the glaciers cover wide areas with barren heaps of gravel and shingle, how 
much more must this have been the case in Britain, where, according to the 
migration theory, each intense winter^ was succeeded by an excessive summer 
temperature. 
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would most probably form tbe preyailing growths. If the 
pleistocene hippopotamus could live on such fare, lie must 
have been a more easily satisfied animal than his modern 
representative. It is true that in arctic regions the short 
summer brings into bloom a number of pretty flowerets, and 
causes the grasses to shoot up with surprising rapidity ; but 
this is due to the influence of a sun that keeps above the 
hoxizon during the greater part of summer. A glacial period 
in England, however, would not be tempered by the presence 
of a midnight sun in summer-time. With the poor and 
meagre vegetation therefore vdiicli a country of this kind 
W'ould be able to support, the herhivora could not have been 
abundant. Indeed, only a very few mammalia could possibly 
have existed under the conditions supposed ; and probably 
none of these would belong to that group which consists of 
such species as still inhabit the temperate zones of Europe 
and America. If, therefore, we eliminate the whole of this 
group, we have left only the true arctic mammalia— the 
glutton, the reindeer, the musk-sheep, the j)Oiiched marmot, 
the tailless hare, and the lemming — to form food for the lion 
and his congeners, the tiger and the hytnna. But how can 
we suppose it possible that these carnivora would leave the 
temperate zone (which, when arctic conditions supervened in 
Britain, must have shifted to more southern regions of 
Europe, where no doubt it was characterized by the presence 
of an abundant mammalian fauna), to prey upon the few 
reindeer and smaller animals that were likely to be found so 
far north as the frozen barrens of England ? Yet we know 
that the hyaena at least was a regular denizen of our caves, 
and found matters so comfortable, that, according to Mr. 
Dawkins, its large size, as compared with that of the living 
animal, was probably due to ^Hhe abundance of food which it 
obtained.'* 

Such considerations as these have led me to conclude ‘ that 
this theory of annual migrations is untenable. With glacial 
conditions in Scotland and the hilly grounds of England and 
Ireland, neitheiv temperate flora nor luma could have existed 
in our country. There could be nothing in such an arctic 
England, therefore, to tempt the herhivora away from the 
rich feeding-grounds of the then temperate zone, and just as 
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little to wile tlie carnivora so far from tteir wonted haunts. 
And to suppose the hippopotamus, the elephant, and the 
rhinoceros capable of migrating for enormous distances, and 
to such a country too, is to suppose that these animals 
differed entirely from their present representatives. 

But it has been objected that we have no right to infer, 
from the fact of glaciers having existed in Britain, that the 
summer temperature during that period was ungenial. Large 
glaciers exist in the Alps, and much greater ones fill the 
upper valleys of the Himalaya ; yet, as every one knows, the 
low grounds at the base of these mountains enjoy warm and 
genial climates. Is not it possible, therefore, that the same 
conditions may have obtained in Britain during paliaeolithic 
times, and that while glaciers filled all our mountain-valleys, 
the lowlands of England may have basked in summer warmth 
and sunshine ? 

Now it can hardly fail to occur to the reader that these 
are not cases in point. Britain is not in the latitude of 
northern India, neither is it in that of Lombardy or Provence, 
while in comparison with the Alps and the Himalaya our 
mountains sink into utter insignificance. Those who specu- 
late upon the possibility of something like a Siberian climate 
having obtained in Britain during palseolithic times, com- 
pletely ignore geographical and physical considei'ations. They 
find northern and southern mammalia in our caves and river- 
gravels, and jump at once to the conclusion that a period of 
strongly contrasted summers and winters must have charac- 
terized Britain at the time it was in the occupation of such 
discordant groiif)s of animals. Yet a little consideration will 
serve to show that this hasty conclusion is entirely opposed 
to and directly contradicted by all that we know of the causes 
to which the various climates of the globe are owing. 

It is admitted by geologists that during palceolithic times 
the physical features of our continent were much the same as 
they are now— all the great high grounds, all the great 
drainage-systems, were even then in existence. Denudation, 
or the wearing avray of the earth’s surface by rains, frosts, 
and rivers, no doubt helped during palseolithic times to 
modify the features of the land, and valleys, as we have 
seen, were scooped out to some depth.; nevertheless, when 

L L 


THE GREAT ICE AGE. 


514 

Tiewed on tlie large scale, such minor modifications of the 
surface maj he disregarded. Then, if this he so, — if the 
changes referred to were so inconsiderahle — we may be very 
sure that since the disappearance of paheolithic man, there 
has been even less change in the physical features of Europe. 
This is one important fact to remember. 

Again, we know that under the present condition of things, 
our continent owes the equableness of its climate in great 
measure to the influence of the Atlantic. This is another 
important fact that we cannot lose sight of. Were an exten- 
sive land-surface to be substituted for that great ocean, there 
is good reason to believe that our summers and winters would 
be as excessive as those in similar latitudes of Asia and 
North America. 

But at the present day what is the fact ? why, simply this, 
that as ‘we recede from the western shores of Europe, and 
approach the interior of that continent, the colder do the 
winters become, wdiile the difference between summer and 
winter constantly tends to increase. In England the thermo- 
meter rarely sinks 18^ below freezing-point, but in the 
interior of the continent, and under almost equal latitudes, 
we find a mean of + 14° ; and “ it is not uncommon to see 
the mercury freeze at Kasan. In the interior of Siberia it 
often remains solid for several weeks together.’’* To show 
the contrast between the climate of western Europe and that 
of northern Asia, we may compare the summer and winter 
temperatures of Aalesund, in Norway, and Jakutsk, on the 
Lena. These two places are as near as may be under the 
same latitudes — the former being in 62°*24 N. lat, and the 
latter in 6 2° *5 N. lat. At Aalesund the summer tempera- 
ture is 57 ^ E., and in winter the thermometer registers 35*^ 
F. At Jakutsk, on the other hand, the temperature of sum- 
mer reaches 62°*2 F., while that of winter sinks to , 43°'8 
below zero. 

Now what are the causes that induce such widely divergent 
climates ? Why is it that places situated under the same or 
nearly similar latitudes do not experience the same climatic 
conditions ? If the reader will examine the charts of iso- 
theral and isochimenal lines, he will have no difficulty in 
* Kmmiz'z ConvpUt& Course of Meteorolopj^ -^, VJZ. 
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perceiving that Europe is beholden to the presence of the 
Atlantic for its insular climate. Our winters are ameliorated 
and our summers rendered less excessive by the moist winds 
that are almost continually passing from west and south-west 
across our continent. That is a fact as well ascertained as 
any fact can be. " 

In northern Asia the conditions could hardly be more 
strongly contrasted. There no mild and genial ocean tempers 
the severity of winter. During that season every wind that 
blows across Siberia, no matter whence it comes, is bitingly 
cold. The west winds, that temper our winters with the 
warmth of the Gulf-stream, are robbed of their moisture and 
cooled doTO before they cross the snows of the Ural Moun- 
tains to pour into Siberia. The gales from the Arctic Ocean 
are still colder ; nor is much warmth derived from the winds 
that sweep northwards from the Mgh Mongolian plateau, 
while at the same time the serenity of the sky favours the 
radiation of the ground. In summer-time the conditions are 
reversed. Dry and scorching winds reach Siberia from the 
west, and the heat of the Mongolian deserts is wafted from 
the south ; while owing to the great clearness of the atmo- 
sphere the northern plains are soon warmed by the continuous 
shining of the arctic sun : and thus the temperature rises 
rapidly all over Siberia. In North America the seasons, are 
also more marked than with us, and the causes for this are 
somewhat similar to those which induce the more strongly- 
contrasted summers and winters of northern Asia. 

If the present climate of Europe departs so very widely 
from that of other regions in similar latitudes of the northern 
hemisphere, upon what grounds can it be supposed that a 
totally different state of matters existed during palaeolithic 
times ? Let it be remembered that the physical features of 
the land were much the same then as they are now, and that 
the Atlantic Ocean also was certainly in existence. No great 
range of mountains existed then which does not exist now, 
nor have any mountains been formed in Europe since palaeo- 
lithic man vanished for ever. It is true that the British 
Islands have been separated from themselves and the con- 
tinent, and that a narrow strip of land that once extended 
along the western borders of these islands and the mainland 
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has been submerged ; but it is idle to imagine that such 
changes could have had the eftbct which some have supposed. 
Nay, even if we conceived that a large part of the Mediter- 
ranean existed in the condition of dry land during palaso- 
lithic times, still, that would not produce anything approach- 
ing to a Siberian climate in Europe. 

We know that in the present economy of things the 
climatic influence of the Mediterranean in summer-time ex- 
tends but a very short distance north into Europe. It cer- 
tainly does not cross either the Alps or the Pyrenees. A 
line drawn from Bayonne by Viviers and Turin to the head 
of the Adriatic, coiTesponds to the July isothermal line of 
72^^ *5 F. When the same line is continued towards the 
north-east into Hungary, it suddenly sweeps down to Con- 
stantinople ; and, chcling round the Black Sea, returns upon 
itself at Odessa, after which it continues for some distance in 
the normal north-easterly direction. That sudden curve to 
the south-east is, of course, due to the presence of the Black 
Sea, and seeing that the Mediterranean does not influence the 
same isothermal line in either France, Italy, or Austria, it is 
quite clear that the modifying effect of this large inland sea 
has nothing whatever to do with the climate of central 
Europe. South of the line referred to, however, we find the 
July isotherms violently disturbed. That of 77*^ F. runs 
along the shores of the Mediterranean from Barcelona by 
Perpignan and Montpellier to Toulon. From this place it 

* Mr. Dawkins believes that it would {Quart, Jour, Geol. 80c,, vol. xxviii. 
p. 410), but, as I have endeavoured to show elsewhere {Geological Magazine^ vol. 
X. p. 49), there is no evidence to show that in late glacial times the Mediterranean 
was of less extent than it is now. Of conrse I do not deny that during warm 
interglacial periods Europe and Africa vrere connected. They mnst have been 
joined to have allowed the southern mammals to migrate northwards. In his 
recent work {Cave-Mimtingf p. 390) Mr. Dawkins reiterates his belief that a kind of 
Siberian climate wonld result in Europe if the area of diy land within the Mediter- 
ranean basin were to be increased in extent so as to convert that sea into two land- 
locked sheets of water, while at the same time by some compensating earth-move- 
ment the region of the Sahara was submerged below the sea. Such changes may 
quite well have taken place during the glacial epoch, hut we have no evidence to 
show that they happened in late glacial and postglacial times. And even if they 
did, they would not induce the kind of climate which Mr. Dawkins desiderates. It 
is the belief of some continental geologists that the great size attained by the old 
glaciers of hTorthern Italy was due to the existence of a Sahara Sea: and 
doubtless the winds sweeping north under such conditions would he cooler and 
more humid than they are now. But I fail to see how a submerged Sahara 
and a reduced Mediterranean would bring about a Siberian climate in Europe. 
All they could do would be to render the summers in Southern Europe colder and 
the winters probably more severe. 
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strikes directly soiitli-sontli-east to Cape Spartivento, then 
curves gently on to Palermo, after which it sweeps round by 
Messina and the Gulf of Taranto, across Italy, and more than 
half-way up the Adriatic. It then doubles suddenly back 
upon itself, skirts the eastern shores of the Adriatic, and 
crosses the south of Turkey and the ^gean Sea to Mytelene 
and Asia Minor. This irregularity is just as surely caused 
by the presence of the Mediterranean as the abrupt curving 
of the July isothermal line of 72® *5 is due to that of the 
Black Sea. In short, it is perfectly apparent that the 
isothermal lines in the south of Europe are deflected by the 
inland seas from their normal direction, this deflection being 
confined to the immediate proximity of these basins. But in 
central and northern Europe, all the isotheral lines are pushed 
south by the overwhelming influence of the Atlantic ; 
while in the opposite season, all the isochimenal lines are 
swept boldly north and north-east. (See charts at end of 
volume.) 

Were the Mediterranean to be converted into two land- 
locked seas, the isotheral lines in that area would then be 
less disturbed, and would preserve the general south-west and 
north-east trend which they follow' in central Europe. The 
summers in Italy, Turkey, and Greece would thus be some- 
what hotter and drier, but the general summer temperature 
of Euroj)e wmuld remain unaffected. The wunds flowdng from 
the south wmuld no doubt be warmer, but they would also 
cany less moisture. When they reached the Alps, they 
■would part w-ith their wmunth and moisture, just as they do 
now ; but since they would bring more of the one and less 
of the other than at present, the snow-fields and glaciers on 
the south side of the Alps would tend to shrink back. Again, 
the isothermal chart shows that the supposed increase of land 
ivould not produce any appreciable climatic effect beyond a 
short distance into Spain and France, while not a trace of its 
influence w^ould reach England. The Continent, laved along 
its entire western borders by a wide ocean, wmuld be cooled 
over an immense area by the winds blowing from w^est and 
south- w’est ; such is the case now,'"^ and it must have been 

' f . ' ' ■ ' . ■ , ' 

* See the late Professor Coffin’s treatise on the Winds of the liT^orthem 
Bmitluonian Contributions iox 
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equally so in palseolitliic times. Tims, even had the warmth 
derived from the Mediterranean area been much greater than 
we can conceive it to . have been, its effect would, neverthe* 
less, be counterbalanced, and far more than counterbalanced, 
by the influence of the Atlantic. 

The consideration of this subject brings us back to the 
point which, as I think, has already been sufficiently proved, 
namely, that during our latest glacial period, there could be 
no great annual migrations of the mammalia in western 
Europe. Eor, since the climate required for such migrations 
does not exist in Europe now, and seeing that it would not 
obtain even if Britain were to become part of the Continent, 
and a large portion of the Mediterranean to be converted into 
land, how can we suppose it possible, that, with snow-fields 
and glaciers in Britain, the climate could have been other 
than cold, and un genial. Surely, under such geographical 
and physical conditions as did actually supervene in north- 
western Europe during our latest glacial period, the summers 
must of necessity have been cold, and the vegetation poor and 
scant}^ In winter-time, supposing the Gulf-stream to have 
flowed then as it flows now, the cold would be ameliorated 
over all western Europe. But should it be supposed, that, 
during the last cold period, the Gulf-stream flowed in some 
other direction, then, in the absence of this great heat- 
bringer, our winters would indeed be excessive, and our 
summers dreary in the extreme. 

In short, we may conclude, that, so long as Europe exposes 
a vast line of coast to the Atlantic, and so long as her physical 
features endure, just so long will her climate continue to 
differ from that of either Asia or North America, no matter 
whether or not the British Islands become continental or the 
area of land in the Mediterranean basin be increased. And 
as it is in the present, so also it must have been in the past. 
No mere obliteration of our inland seas could neutralise the 
influence of the outlying ocean. If the summers of Europe 
are at present rendered less excessive by the presence of the 
Atlantic, the same must have been the case during the last 
continental condition of our islands, and that to a much 
greater degree, owing to the presence of more numerous and 
larger snow-fields. For this, if for no other reason, it seems 
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to me that the theory of annual migrations during that period 
in western Europe must be abandoned. 

I hare discussed this theory at some length, because, as we 
shall presently see, the question of palaeolithic climate has a 
direct bearing upon that of the antiquity of man. In order, 
therefore, that I may carry the reader along with me, I shall 
here briefly summarise the points which I have attempted to 
establish in this chapter 

1. The migrations of land animals in northern Asia and 
equivalent latitudes in North America, take place between 
arctic and temperate regions. This is simply the case of 
adjacent provinces overlapping one another. Inasmuch, 
therefore, as the migration theory asks us to believe that 
widely-separated zones overlapped across the whole breadth 
of the temperate provinces, it is unreasonable, and not sup- 
ported by our knowledge of what actually occurs in nature. 

2. The general character of the southern group of mam- 
malia, as exhibited in cave-deposits and river-gravels, is non- 
migratoiy. 

S. The union of Britain and Ireland to the Continent, 
across the up-raised beds of the English Channel and the 
Irish Sea, and a great increase of land within the area of the 
Mediterranean, could not confer upon Europe a climate in 
any degree approaching to that of Siberia or British America. 
The climate of our continent would still be insular, and con- 
sequently great migrations could not take place. 

4, During the last continental condition of our islands, 
snow-fields and glaciers existed in our country — ^betokening 
a climate quite unsuited to the needs of the southern mam- 
malia. The winters at that period must have been excessive, 
and the summers cold and ungenial. 

5. Lastly, so long as the Atlantic continues to wash the 
coasts of Europe, and so long as the present configuration of 
the land endures, our continent must continue to enjoy an 
insular climate, and there is not the slightest physical evi- 
dence to show that it possessed any other kind of climate 
during the period that the southern mammalia inhabited 
Britain. 





CHAPTER XXXIX. 

GEOLOGICAL AGE OF THE PAL.EOLITHIC DEPOSITS. 

Oscillations of climate. — Cold and warm periods. — Evidence of the river-deposits. 
— Character of the evidence cumulative in favour of former climatic changes. 
— Ko evidence of warm postglacial climate. — Southern mammalia not of 
postglacial age.-— Age of cave-deposits. — No proof that they are postglacial. 
— Helation of river-gravels to glacial deposits. — Age of the boulder-clay at 
Hoxne, &c- — Boulder-clay upon which palseolithic deposits sometimes rest 
belongs^ to the older glacial series. — Distribution of paljeolithio gravels. — 
Comparison between palaeolithic gravels of South England and river-deposits 
of the north. — PalaeoHthic deposits not met with in districts that are covered 
with accumulations belonging to the later glacial series, hut confined to 
regions which we cannot prove to have been glaciated during the latest 
period of glacial cold. — Palaeolithic deposits of interglacial, not post- 
glacial age. — Most of them probably belong to last interglacial period. — 
Eecapitulation. 

rilHE theory of annual migrations being, as I have tried to 
-A- show, untenable, we can now only exjDlain the remark- 
able commingling of northern, southern, and temperate groups 
in our superficial deposits, by assuming that certain great 
oscillations of climate characterized the accumulation of our 
cave-earths and river-gravels. We must admit, in short, that 



Fig. 68. — Generalised diagram-section across the valley of the Thames below 
London, greatly exaggerated vertically. WThitaker) : 1. Pebble-gravel 
(preglacial); 2. boulder-clay ; 3. valley-gravel (highest terrace); 4. valley- 
gravel and brick-earth (lower terraces) ; o. the Thames and its marshes; 
X sea level ; r Tertiary beds and Chalk. 

the northern mammalia occupied Britain during a cold and 
arctic condition of things, and that on the other hand the 
southern forms prevailed over the same area at a time when 
our winters were mild and genial. 

This i*esult derives strong confirmation from a study of the 
deposits themselves. In the first place it has been shown by 
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Professor Prestmcli and otliers tliat tlie ancient river-grayels 
and loams wliicli occur at tlie highest levels above the present 
streams possess certain broad characters that serve to distin- 
guish them in a rough way from the gravels and loams that 
occupy the lower levels of the valleys. As a rule the former 
are the coarser of the two, and frequently contain large blocks 
of stone which could only have been transported by river-ice. 
Add to this that the beds often give evidence of having been 
subjected to a violent “push/' which has tumbled them up 
and thrown them into confusion — phenomena which, as 
Professor Prestwich has pointed out, could hardly have been 
produced otherwise than by the grounding of heavy ice- 
rafts. The general absence of these ajppearances, and the 
usually finer-grained character of the ingredients in the low- 
level gravels, would seem to point to a milder condition of 
things — to a time when the idvers were less liable to flood, 
and ice-rafts w^ere uncommon. ■ 

According to Professor Prestwich, the shells met with in 
the high-level beds have a northerly range, and the absence 
of southern species tends still more to distinguish these beds 
from those of loirer levels. In the latter there occur in great 
abundance two species of shells (Cyrena fiummalis and Unio 
littoralis), neither of which is now found living in England, 
but tenanting the rivers of more southerly latitudes, t a fact 
that seemingly corroborates the inference deduced from the 
appearance of the beds themselves. 

Again, it cannot be denied that the northern group of 
mammalia is most characteristic of the high-level gravels, 
and the southern group of those at the lower levels. And 
notwithstanding that remains of both northern and southern 
species are not uncommonly commingled, still it is a fact, 
although, as Sir J. Lubbock remarks, J “ too much importance 
must not be attached to the observation, that our ancient 
hippopotamus has been less frequently found in association 
with the mammoth and the hairy rhinoceros, than with 
Eleplias antiqiius and Rhinoceros hemitoeclms (Falc.)," two 
species which had a more southerly range. 

Philosophical Transactions^ 1864, p. 279. 

A Cyrena JlimiinaUs is now extinct in Europe, but it still inbabits tbe Nile and 
abounds in Cashmere ; Unio littoralis lives in the Seine and the Loire. 

J third edition, p. 299. 
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If tlie liigli- and low-level gravels were deposited during 
different climatic conditions, this might have produced/’ as 
Mr. Evans says,* '"some effect on the method of living, and 
on the implements of the men of the two periods.” And he 
thought it at one time probable that a marked distinction 
might eventually be drawn between the high and low-level 
implements ; but so far as Britain is concerned,” he is now of 
opinion that this can hardly be done. Still the facies of a 
collection from two different spots is rarely quite the same, 
and,” he thinks, ‘"there is generally a preponderance of 
the ruder pointed implements in the high-level gravels, 
and of the flat, ovate, sharp-rimmed implements in the low- 
leveL” 

Now it may be admitted that none of these facts taken 
separately and alone is quite convincing. The character of 
the evidence, however, is cumulative, and when W'O perceive 
that the whole points in one and the same direction, it is 
impossible not to feel its weight and cogency. Under the 
assumption that considerable changes of climate accompanied 
the deposition of the palasolithic beds, the facts enumerated 
above have a distinct and definite meaning, but they are 
utterly meaningless, and must even be quite ignored, if we 
are to accept the theory of annual migrations. 

The fact that the remains of northern and southern forms 
occur mingled in our river-deposits, is only wdiat one might 
have expected. Those who study the formation of fluviatile 
sediments will readily understand how fossils, entombed at 
widely separate intervals, may come to occupy the same level. 
Rivers are constantly cutting down through their own depo- 
sits, and again filling up the excavations they make. In this 
way gravel and sand are banked against similar beds, which 
may belong to a much greater antiquity ; and the line of 
junction it is often impossible to determine, the one deposit 
seeming to shade into the other. And thus beds which 
appear to be continuous and of contemporaneous origin 
majr^ and in point of fact do, frequently deceive us in these 
respects. 

There is nothing, therefore, abnormal or extraordinary in 
the intermingling in our |>alseolithic beds of mammalian remains 
* Ancient Stone Implements of Great -p, 616 , 
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belonging to widely separated provinces. It would liave been 
surprising indeed bad it been otherwise. 

So, far, therefore, as the direct evidence of the beds them- 
selves is concerned, there seems to be nothing against, but a 
good deal in favour of, the theory of changes of climate. 
That theory not only explains appearances which are left 
unsolved by any other hypothesis, but when we come to 
take a wider ^dew of matters, and to consider the relation of 
the pateolithic deposits to the glacial drifts, we shall find that 
no little light is cast upon the interesting question of the 
antiquity of man in Britain. 

From the discussion in our last chapter it would be 
gathered that the palseolithic deposits are believed by certain 
geologists to belong to late glacial and jpostglacial times : that 
is to say, that man and his congeners, the mammals of the 
caves and rivers, did not enter Britain until the Ice Age was 
passing away. Now if this were so we should be forced to 
admit that at least one warm period had supervened after 
the disappearance of the last confluent glaciers, and before 
the advent of the present temperate condition of things ; 
such a period of mild and genial winters being necessary to 

* Althouglitiiis a-ppears so obvious, yet Mr. Boyd Dawkins thinks that the remains 
of the southern, temperate, and northern mammalia could not have been so com- 
mingled, as they are generally preserved in the same mineral state. It vp’oiild h ave 
been impossible for this (commingling) to have taken place without leaving decided 
traces behind in the rolled and water- worn condition of the older series, such as 
may he seen in the case of the Eocene and Miocene fossils in the Bed Crag* of 
Suffolk.’^ {Ca^e^-Riinting, p. 397.) Mr. Dawkins, I am sure, does not believe that 
he can distinguish any difiference in the state of preservation of a hone say 50,000 
years old and that of another say 55,000 years. And yet that is just what his 
argument amounts to, for, according to the views supported in this volume a 
large proportion of the northern, temperate, and southern mammalia, whose 
relics occur in the English valley- gravels, belong to one and the same inter- 
glacial period— a period which could have lasted for only a few thousand years. 
The time during which the arctic forms lived in Britain is not separated by any 
lengthened interval from the era wMch introduced the temperate group — hut the 
former period merged gradually with the latter, just as that again passed by 
insensible gradations into the still milder era that followed. When at last cold 
conditions once more ensued and great bodies of water derived from the ice- 
sheet that re-appeared in the northern districts were sweeping over the low 
grounds of England, there would necessarily he very considerable denudation 
and reassortment of old river-deposits, and a commingling of mammalian 
remains which had been buried at “widely separated intervals.” It is absurd, 
however, to suppose that these intervals were as prolonged as the period that 
intervened between the entombment of Eocene and Miocene fossils in Eocene and 
Miocene strata and their subsequent disinterment and final reburial in the Bed Crag 
of Suffolk. The ossiferous gravels of England belong to one and the same forma- 
tion — indeed they constitute only one subdivision of that formation : the Eocene, 
Miocene, and Pliocene deposits, on the other hand, are separate and distinct 
formations, distinguished by very dissimilar suites of organic remains. 
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account for the presence of the hippopotami, elephants, and 
rhinoceroses of the caves and river-gravels. 

• Have we any evidence, then, for the former existence of a 
warm postglacial period ? It may be confidently answered — 
none whatever. There are few points we can be more sure of 
than this, that since the close of the glacial epoch— since the 
deposition of the shelly clays, and the disappearance of the 
latest local glaciers — there have been no great oscillations 
but only a gradual amelioration of climate. It is impossible 
that any warm period could have intervened after the last 
cold, and before the present temperate conditions, without leav- 
ing some notable evidence in the superficial deposits of Scot- 
land, the north of England, Scandinavia, and North America 
— these being the countries in which, as w-e have seen, the 
passage from the later glacial beds to recent accumulations 
can be most distinctly traced. The climate of Britain is 
milder now than at any other period subsequent to the re- 
elevation of our country after the last great submergence and 
the melting of the latest ice-sheet ; our winters have gradu- 
ally become less intense ; Britain has slowly passed from an 
arctic to a temperate condition of things : and Scandinavian, 
Swiss, and American geologists tell the same tale as regards 
their countries. From all this, then, it follows that the 
southern mammalia could not have lived in Britain during 
postglacial times. They must belong either to preglacial or 
interglacial ages, or to both. 

When we come to ask why our cave-deposits have so fre- 
quently been relegated to postglacial times, we get no satis- 
factory answer. If we put out of consideration the upper 
layers in certain cave-deposits, there is really nothing in the 
bone-earths and breccias to limit the age of these accumula- 
tions to such a recent period. Accordingly, many geologists 
have been of opinion that the mammalian remains occurring 
in the caverns were introduced at various epochs, and may 
belong to preglacial equally with postglacial times. Buckland 
thought that the great mammals existed in Britain before the 
period of the diluvium or drift ; and his belief is shared by 
Mr. Godwin- Austen and some of our leading geologists. Pro- 
fessor Ramsay is decidedly of opinion that “caves such as 
those in which mammalian remains occur must have existed 
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in preglacial times; and therefore it would be strange,” be 
adds,^ “if none of those explored contained preglacial 
remains. But between preglacial and postglacial times 
there intervened several mild interglacial periods, during 
which, as I have shown, the climate in Scotland and in 
Yorkshire was suited to the wants of the mammoth, the 
reindeer, the Irish deer, the urus, and the horse ; and I have 
also pointed out that, so far as geological evidence is con- 
cerned, there is nothing to show that some interglacial 
periods may not have been warm enough to cause all the 
snow and ice to vanish from Britain. If such was the case 
as regards Scotland and the north of England, surely the 
southern districts must have been characterized by similar 
climatic conditions. It is, therefore, not necessary to sup- 
pose that any large portion of the bone-deposits was pre- 
glacial ; for during interglacial periods the eaves would form 
dens for wild beasts, just as they must have done in pre- 
glacial times. To some such mild and genial interglacial 
period or periods I would refer the hippopotamus and the 
other southern forms met with in English caves. The con- 
ditions under which these animals lived need not have been 
comparable to those that characterize the tropics. All that 
we are entitled to infer is that the winter temperature of 
Britain during certain interglacial periods must have been mild 
and genial. It is by no means necessary to suppose, howevei*, 
that the summers were much warmer than they are now! 
An eguable and genial climate, with no great difference 
between the seasons, would nourish an abundant vegetation, 
and render the country capable of sustaining a prolific mam- 
malian fauna. 

Now let us turn our attenion to the river-gravels, for the 
purpose of ascertaining Avhat relation they bear to the glacial 

deposits. It has been shown that, in some vaUeys. at least, 
the river-gravels are of more recent date than certain accu! 
mulations of glacial age. Thus, for example, at Hoxne, in 
■ Suffolk, freshwater’ beds containing flint implements were 
seen by Mr. Prestwich to overlie boulder-clay. From this it 
has been inferred that these beds, and indeed all palseolithic 
deposits, are of postglacial age — a conclusion which ■ was 
reasonable and indeed inevitable, so long as the existence, of 
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only one deposit of boulder-clay was known. But in order to 
proye the postglacial age of tbe Hoxne river-beds, it now 
becomes necessary to show that the boulder-clay at that place 
can only belong to the close of the glacial epoch for as we 
have seen boulder-clay may be of vari ous ages. In Yorkshire 
there are three boulder-clays with inteiw^ening deposits ; there 
are two boulder-clays with interglacial sands and gravels in 
East Anglia ; in Lancashire and the north-west a similar suc- 
cession occurs, and the same is the case in Ireland. In Scot- 
land, again, we find several deposits of till with intervening 
jSreshwater and marine beds. Finally, distinct breaks repre- 
senting mild periods occur in the glacial formations of Scan- 
dinavia, of Switzerland, and America. 

To what age, then, does the boulder-clay at Hoxne belong ? 
There can be no doubt whatever that it is older than the 
purple and Hessle boulder-clays of Yorkshire, or the shelly 
boulder-clays of Lancashire and the north-west of England, 
and certainly dates back to a much earlier period than the 
upper till, the shelly clays, and local moraines of Scotland. 
Indeed, judging from its position, so far removed from the 
great centres of glaciation, I had no hesitation in correlating 
it with the chalky boulder-clay of Mr. Searles V. Wood — a 
correlation with which my friend and colleague Mr. Whitaker 
agrees. There can be no doubt, he says, that the boulder- 
clay at Hoxne forms part of the widespread sheet that covers 
Essex, Herts, Beds, Cambridge, Suffolk, Norfolk, &c. Now 
this chalky boulder-clay was laid down, as we have seen, 
during the climax of glacial cold, when the ice-sheet covered 
not only all Scotland and the north of England, but even the 
midland and southern coimties as well, down to the valley of 
the Thames at least. After the ice-sheet which deposited 
that boulder-clay had melted away, another cold period with 
its ice-sheet supervened, and the purple boulder-clay of York- 
shire was next accumulated. This latter ice-sheet in like 
manner disappeared and was succeeded by the last interglacial 
period, when the climate became suited to the mammoth and 
to certain cervine and bovine animals, while in the rivers lived 
the — ^that freshwater shell which occurs so 

frequently in the ancient river-gravels of the Thames , and 
elsewhere. So that we have what appears to be / positive 
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evidence enongii, that the climatic conditions in YorksHro, 
during some part of the last interglacial period, did not differ 
from those which accompanied the deposition of many ossi- 
ferous and pala3olithic gravels in southern England. 

It is evident, then, that the occurrence of the ancient 
river-gravels at Hoxne, superposed on the chalky boulder* 
clay, is no proof whatever that these gravels are of postglacial 
age. We know that after the deposition of the chalky 
boulder-clay there were at least two great advances of the 
confluent glaciers, and the consequent formation of younger 
deposits of till or boulder-clay. This, then, is a case in which 
mere superposition fails to tell us all that is necessary to be 
known, before we can conclude that the overlying beds are of 
postglacial age. 

Before we can make up our minds as to the geological age 
of the river-gravels in question, it is evident that we must 
consider the distribution of similar accumulations throughout 
the country, and their relation to the drift-deposits belonging 
to the last cold period. When we have done so, the first 
noteworthy fact that we shall remark is that paleolithic 
river-gravels are exclusively confined to the south and south- 
east of England. They occur in the valleys of the Ouse, the 
Waveney, the Thames, the Avon, and their numerous tribu- 
taries, and at various places along the southern coast of 
England. North of the Ouse and west of the valley of the 
Axe, no river-gravels have yielded any palseolithic imple- 
ments."^ Nor has a single trace of gravels belonging to this 
age been anywhere recognised in Wales, the northern coun- 
ties of England, Scotland, or Ireland. The tool-bearing drifts 
are thus singularly confined to a somewhat narrow and cir- 
cumscribed area. 

North of this area we find river-gravels of undoubted 
postglacial age lying in the bottoms of the valleys, and 
occupying positions that seldom rise more than a few feet or 
yards above the present levels of the streams. They are 
also, as far as bulk is concerned, of inconsiderable impor- 
tance. The palseolithic gravels of the south, however, not 
only attain a great thickness, but from their position we can 
see that since the time of their formation very considerable 
* Amimt stone JmplemenU of Qre<xt 477 ct sqq* 
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derangement of the drainage-systems has taken place. Mr. 
Prestwich remarks : One feature of these deposits is, that 
although closely related to the present configuration of the 
surface, yet they are always more or less independent of it. 
They are often near present lines of drainage, yet could not 
as a whole possibly have been formed under their operation/’ 
In short, it holds generally true that while the palaeolithic 
gravels of the south began to be laid down at a time when 
the streams were commencing to hollow out their valleys, the 
gravels of the north were for the most part not deposited 
until after the valleys in which they occur had come to 
assume much of their present appearance. This is very sig- 
nificant, but I shall come to that presently ; meanwhile let 
us glance at the distribution of the old mammalia with which 
pateolithic man was contemporaneous. 

Not for the moment taking account of cave-deposits, we 
find that beds containing remains of the fauna characteristic 
of palaaolithic times do not occur at the actual surface in any 
district that lies beyond the limits reached by the implement- 
bearing beds. To this rule there are very few exceptions, 
nevertheless it is true that remains of the hippopotamus were 
obtained from an ancient river accumulation near Leeds; 
and some of the northern forms have been occasionally met 
with here and there in different parts of the country. Under- 
neath the glacial deposits of Norfolk the old mammalia occur 
in great abundance ; and, as we have seen, similar fossils 
appear in the interglacial beds of Yorkshire and Scotland. 
But in the superficial river-gravels north of the palaeolithic 
area, they are conspicuous by their absence, and this is 
specially the case with the southern forms. 

How then are we to explain this anomalous distribution ? 
It cannot be said that the mammalia may never have occu- 
pied the midland and northern districts. The fact that their 
bones occur abundantly in caves that lie far north of the 
limits reached by the paleolithic beds, shows that the animals 
were by no means confined to a narrow area in the south-east 
of England, and the occurrence of the hippopotamus near 
Leeds is further proof in the same direction. If the climate 
was suited to the mammalia that swarmed in the south— to 
elephants, rhinoceroses, and hippopotami, to lions, hygenas, 
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and tigers — surely could not haye been other than genial 
in the north of England and in Scotland. Tet in neither 
region do any of these animals occur in the superficial or 
unquestionably postglacial river-grayels. 

Now, take in connection with all this the remarkable fact 
that the south-east of England, where palseolithic and 
ossiferous riyer-gravels and loams are so well deyeloped, is 
precisely that part of the country oyer which the sea did not 
preyail during the last great submergence of the British 
area, and in which we find no traces of the later glaciation. 
We haye seen that some of the palaeolithic gravels rest upon 
a boulder-clay which we can recognise as a deposit of land-ice 
laid down during the climax of glacial cold, when the ice- 
sheet extended as far south as the valley of the Thames. 
After this great ice- sheet had melted away, there is reason to 
believe that a wide land-surface appeared, and that a mild 
climate ensued, during the continuance of which the old 
boulder-clay was subjected to great erosion. Again, however, 
the climate became intensely cold and the ice-sheet re- 
advanced as far south at least as the middle of Lincolnshire ; 
this re-advance of the glaciers gave rise to the purple boulder- 
clay of Yorkshire, which, as Mr, S. V. Wood and his confreres 
have pointed out, rests on the highly-denuded surface of the 
chalky boulder-clay. Once more the ice-sheet melted away, 
and mild climatic conditions returned, when the mammoth, 
the unis, the Irish deer, and the horse lived in Scotland, 
and Avhen various species of deer and oxen, together with the 
mammoth, were denizens of Yorkshire. It is more than 
probable that our island was joined to the continent in the 
early stages of this last interglacial period. But while mild 
and genial conditions still prevailed, the sea gradually 
encroached upon the land, until the latter became submerged 
in Wales, to a depth of more than 1,000 feet. The shells 
of the middle sands, &c., of Lancashire indicate a somewhat 
colder temperature than now prevails in our seas, and the 
evidence furnished by the marine interglacial clays of Scot- 
land tell a similar tale. The climate was evidently again 
becoming cold and arctic. To what depth the land was 
submerged we cannot tell, but ere long re-elevation ensued * 
and, the climate increasing in severity, great glaciers once 
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more covered all Scotland and tlie north of England, reaching 
down into Lincolnshire. The interglacial deposits were then 
subjected to intense erosion, and the whole face of the 
country within the glaciated area was scoured and polished. 
South of that area, however, the river-’gravels with their 
mammalian remains and paleolithic imj)lements were pre- 
served. So that, were we to colour on a map that portion 
of the British Islands which the last ice-sheet overwhelmed, 
the colour would also serve to indicate the regions in which 
no paleolithic implements have occurred, and where the old 
fauna characteristic of paheolithic times is either entirely 
absent from the river-gravels, or represented by only a few 
scattered examples, all with one exception (that of the Leeds 
hippopotamus) consisting of northern and temperate forms. 
On the other hand, that part of the map left uncoloured 
would be co-extensive with the districts in which pateo- 
lithic implements have been discovered, and wdiere, in the 
ancient river-gravels, remains of the old mammalia often 
occur in great abundance. 

If palaeolithic deposits have a very limited range, such 
is not the case with those of neolithic age. Implements 
belonging to this later age, occur everywhere throughout the 
British Islands. From Caithness to Cornwall, and from the 
east coast of England to the western borders of Ireland, they 
are being continually picked up. Even in the bleak Orkney 
and Shetland Islands, and all over the Inner and Outer 
Hebrides, *relics of neolithic times have been met with. So 
that the -wide distribution of these implements is in striking 
contrast to the limited range of palseolithic remains. 

We know that neolithic man was accompanied by a mam- 
malian fauna that differed very much from that with which 
pateolithic man was associated. Dogs, horses, pigs, several 
breeds of oxen, the bison, the red deer, the Irish elk, and 
such like W' ere the characteristic forms of neohthic times. 
Eemains of these animals have occurred again and again in 
recent river- and lake-deposits in almost every part of England, 
Scotland, and Ireland. It is doubtful, however, whether the 
mammoth and the woolly rhinoceros lived in Britain down to 
neolithic times. Further evidence on this head is most 
desirable. It seems, how’ever, to be beyond all reasonable 
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doubt, that tlie soiitbern group of animals had, as far as 
Britain is concerned, utterly yanislied before the advent of 
the neolithic period. 

How, then, are all these facts to be accounted for ? Why 
are palaBolithic river-gravels restricted to the south-east of 
Engkiid, while neolithic remains occur broadcast throughout 
these islands ? What is the reason for the limitation of the 
southern mammalia to one small area in the south-east, and 
why should the mammoth and woolly rhinoceros occur so 
abundantly in the valley-gravels of that district, while they 
appear so seldom, and that only at wide intervals, in the valley- 
gravels of the north ? Beyond the palaeolithic area, the great 
store-houses of mammalian remains, both of southern and 
northern forms, are caves, and certain beds which, from their 
position, we can recognize as being of preglacial and inter- 
glacial age. 

The answer which I give to ail these queries is simply 
this — the palaeolithic deposits are of pregiacial and inter- 
glacial age, and do not, in any part, belong to postglacial 
times. They are either entirely wanting or very s];)aringiy 
represented in the midland and northern counties, in Wales, 
Scotland, and Ireland, because all those regions have again 
and again been subjected to the grinding action of land-ice, 
and the destructive influence of the sea. But in those dis- 
tricts which were not submerged during the last great 
depression of the land, and in such regions as were never 
overwhelmed by the confluent ice-masses, the valley-gravels 
form a continuous series of records from preglacial times to 
the present day. In short, the palaeolithic beds dovetail into 
the glacial drifts, and are overlapped (as in Yorkshire) by the 
deposits thrown down during the final cold period. To the 
last interglacial period, then, we must refer the great bulk of 
the palieolithic river-gravels of the south-east of England. 
They are contemporaneous with those ancient freshwater 
deposits which in Scotland and in Yorkshire underlie the 
most recent accumulations of till or boulder-clay, and some 
of which have been partially re-arranged and covered with 
marine deposits belonging to the time of great submergence 
that preceded the latest glaciation. No doubt, however, por- 
tions of the ancient tool-bearing gravels, especially in the 
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Yalley of the Thames and the districts to the south, may 
date back to the earlier warm periods of the glacial ej)och, 
and thus be contemporaneous with the oldest freshwater beds 
in the Scottish till; while some may go back to even pre- 
glacial ages. All that we can say for certain is, that no 
pateolithic bed can be shown to belong to a more recent 
date than the mild era that preceded the last great sub- 
mergence and the final period of confluent glaciers. 

When this view of the succession is accepted, many appa- 
rent anomalies receive a simple, and, as it seems to me, a 
satisfactory explanation. After the great chalky boulder- 
clay of the eastern counties of England and the ''northern 
drift '' of the midland districts had been laid down, the ice 
melted a^way, and never again extended so far south. An 
interglacial period of unknown duration separated the deposi- 
tion of the chalky boulder-clay from the accumulation of the 
purple boulder-clay of Yorkshire. The latter indicates another 
invasion of the ice-sheet, but the spoor of the confluent 
glaciers, underneath which it accumulated, has not been 
followed farther south than Lincohishire. During all these 
changes the southern districts not only escaped glaciation, but, 
under the influence of subaerial denudation, were gradually 
losing that ice-worn aspect which they mitst have presented 
after the disappearance of the great ice-sheet which had for- 
merty overwhelmed them. The glacial conditions under which 
the purple boulder-clay of Yorkshire was accumulated eventu- 
ally passed away, and the last interglacial period ensued. It 
is highly probable, as I have said, that in the early stages of 
this period, Britain Was continental, and that the climate was 
at first cold. This is shown by the appearances presented by 
the high-level or older valley-gravels of the palaeolithic area 
which contain a predominance of northern forms, and aJfford 
other indications of a cold climate having prevailed at the time 
of their formation. It is evident, indeed, that as the land-ice 
retired into the deep mountain glens, the country would be 
invaded first by the arctic mammalia ; the rivers would be 
liable to be frozen over, and, upon the breaking-up of the 
frost in summer time, ice-rafts wmuld run aground and thrust 
the flixviatile deposits into confused heaps. As the climate 
ameliorated, and the rivers ceased to flood their valleys to so 
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great a deptli, the arctic mammalia would gradually retire, and 
be succeeded by animals belonging to more temperate zones. 
The southern mammalia would thus come later in time than 
the northern forms ; and in accordance with this we find that 
the valley-graYels at the lower levels are characterized by the 
prevalence of southern forms, and otherwise yield proof of 
having been deposited under mild conditions of climate. 
By-and~by a process of submergence ensued, and this drowning 
of the land would seem to have commenced at a time when a 
temperate climate still obtained in Britain. The evidence, how- 
ever, shows that colder conditions supervened and that arctic 
species of shells lived in the submerged districts of Scotland. 
Step by step the land, as far south, probably, as the middle of 
England, was largely encroached upon by the sea. Re-elevation 
now ensued and the climate becoming still more arctic, great 
glaciers once more coalesced u|)on the Lowlands of Scotland, 
and united with those of Scandinavia, England, and Ireland to 
form the last great ice-sheet. Extensive as this ice-sheet wns, 
however, it does not seem to have gone farther south than the 
valley of the Humber in the east, and the neighbourhood of 
Chester in the west. Over all the area covered by the ice 
there would necessarily be much erosion. The marine inter- 
glacial beds would be highly denuded, and such valley-gravels, 
&c., as the sea had spared would likewise be subjected to the 
grind of the ice. In the most highly glaciated districts, there- 
fore, as in Scotland and the north of England, very few traces 
of the old freshwater deposits would be spared. But towards 
the southern limits reached by the ice, as in the maritime dis- 
tricts of South Lancashire, Cheshire, and Yorkshire, there 
would be less erosive action and consequently a greater chance 
of interglacial beds being preserved. 

I have already referred to the remarkable fact that within 
the region covered by ice during the latest cold period, rock- 
escarpments are as a rule of infrequent occurrence, such as do 

* Oi course tlie process of excavating tlieir valleys must have heen continued 
hy the rivers of southern England during the whole of the glacial epoch ; and 
the succession of changes described above as iiaving taken place in the last inter- 
glacial epoch would therefore only be a repetition of what must have happened 
in previous interglacial periods. It must also be obvious that the recurrence of 
flood-periods towards the beginning and the close of each mild intei'glacial 
era would give rise to much redistribution of river-deposits, and tend to obscure 
and obliterate those more or less regular terraces of gravel, sand, &c., which 
rivers ordinarily form along the sides of their valleys. 
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appear being generally of little importance in tlie landscape. 
It is quite otberwise, lioweYer, in tbe districts beyond. There 
magnificent rock-escarpments are common, and the scenic 
features of the country that lay out of the reach of the last 
ice-sheet are in strongest contrast to those presented by the 
region over which the confluent glaciers prevailed. So long a 
time, indeed, has elapsed since the period of greatest glaciation, 
when the ice-sheet advanced into the south of England, that 
the atmospheric forces since then have been able to 
obliterate almost all traces of an ice-worn outline in the mid- 
land and southern districts of the country ; and, but for the 
presence of the northern drift/" the much-eroded and patchy 
chalky boulder-clay, and its so-called “ denudation gravels,"" 
we should probably never have known that an ice-sheet ever 
extended farther south than a line drawn between Chester 
and the Humber. 

While the last ice-sheet was disappearing great floods from 
the melting ice swept over the low grounds of England. To 
this period must be attributed those tumultuous deposits with 
occasional palasolithic implements and mammalian remains 
which are scattered over hill and valley alike, in the east- 
midland districts especially. No mere river-action can pos- 
sibly account for the appearance presented by these confused 
accumulations, or for the anomalous positions in which they 
so often occur. They clearly indicate the flow of immense 
bodies of water, such as must have been set free during 
summer-time from the ice-sheet that lay to the north, even 
before the latter had begun its retreat ; nor can we forget 
that under the climatic conditions which then obtained there 
must have been excessive evaporation and, as a consequence 
of that, drenching rains. "When the final melting ensued 
the floods probably increased still more, so as to inundate 
wide regions with torrential waters. Thus not only would 
new accumulations of clay, silt, sand, gravel, and shingle be 
formed, but the ancient river-gravels of the last interglacial 
period would be much eroded and their materials reconstructed 
and huddled together, while whatever lay loose at the surface, 
whether on hill-top, hill-side, or valley-bottom, would be 
swept on so as to mingle with the heterogeneous detritus 
carried forward by the floods. In short, the flood-gravels of 
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tlie midland districts are precisely of the same origin as much 
of the gravelly drift that overlies the upper boulder-clay in 
the low grounds of Scotland and other glaciated regions. 

Gradually the ice melted away until it had disappeared 
from all the low grounds, and was represented by large local 
glaciers in the mountain- valleys of the north. Britain was 
at this time an island, and arctic shells lived round the 
Scottish shores. Eventually, however, our country again 
became continental, and although valley-glaciers still lin- 
gered amongst our mountains, yet the land w^as clothed and, 
peopled with plants and animals. Eeindeer at first roamed 
over the country, but ere long an abundant mammalian 
fauna stocked our plains and valleys — consisting of oxen, red 
deer, Irish elks, horses, and other animals characteristic of 
temperate zones. It is extremely uncertain, however, whether 
the mammoth and the woolly rhinoceros returned to their 
old haunts. Certainly none of the southern mammalia ever 
did ; these had vanished for ever, and with them palaeolithic 
man had also disappeared — his neolithic successor being now 
the lord of the soil. 

It is thus, then, that I would exf)lain the anomalous dis- 
tribution of the palaeolithic deposits, and that remarkable 
gap or hiatus which separates the neolithic from the palaeo- 
lithic age. 




CHAPTEE XL. 

GEOLOGICAL AGE OF THE PAL.«OLITHIC DEPOSITS — Continued. 

Hr. SliertcHly on interglacial age of pateolitliic gravels. — Phjrsical features, 
&c., of the Fenland. — Section across Fenland showing succession of heds. — 
-^Bonlder-clay. — Old river-gravels. — Flood-gravels. — Beach-gravels and 
door-gravels. — Fen-beds, &:c. — General summary of results. 

rpHE views concerning tiie geological age of our paliBolitliic 
-1- gravels, wliich are set fortb. in tlie preceding pages, have 
lately received strong support from the results ohtained hy 
Mr. S. B. J. Skertchly in a detailed examination of the Fen- 
land and adjoining districts. It is extremely gratifying to 
me to find that the conclusions I have formed should have 
been arrived at independently hy a geologist who has exa- 
mined the evidence from quite a different standpoint. It 
was my inability to correlate the paheolithic and ossiferous 
gravels and cave-deposits of England with the true post- 
glacial beds of Scotland and the north of England, which 
first led me to suspect that English geologists were mistaken 
in relegating the former accumulations to postglacial times. 
Knowing that the cold climatic conditions of the glacial 
epoch had been more than once interrupted by warm inter- 
vals, during which certain of the old mammalia lived in 
Scotland, and being well assured that no warm period had 
supervened between the close of the last cold period and the 
present, I could not resist the conclusion that our ossiferous 
and palseolithic deposits must be of preglacial and interglacial 
age. Mr. Skertchly, as will he seen presently, obtained 
substantially the same results by a careful scrutiny of the old 
gravel-heds themselves. That two geologists working at a 
subject from totally different points of view should neverthe- 
less arrive at one and the same conclusion, affords pretty 
strong j>3:esumptive evidence in favour of their explanation of 
the phenomena being the true one. 
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Mr. Skertelily lias been good enough to furnish me with 
the following outline of his work, which the reader will find 
much more fully displayed in the official memoir* descriptive 
of the region which my colleague has surveyed ; — 

‘ It was during five years’ study of the sands, gravels, and 
clays which overlie the great chalky boulder-clay, that I 
independently arrived at similar conclusions to those so much 
more fully developed by yourself. The convictions came 
very slowly— indeed, they were forced upon me; but so 
opposed were they to the general belief of geologists, that it 
was not without considerable trepidation that I allowed them 
to become part of my geological creed. The publication of 
your work, however, in which my surmises received such 
bold confirmation, left no further room for doubt, and since 
then every day’s fieldwork has only strengthened my belief 
in the interglacial age of pateolithic man. 

“ The first key to the relation home by the Fen-beds to 
the glacial period was the recognition of the antiquity of the 
chalky boulder-clay, the pecuhar distribution of certain 
gravels, and the singular dissemination of their fossils, in- 
cluding paliBolithie implements. But the remarks which I 
have to make will be more easily followed after I have first 
briefly described the features of the Fenland. 

The Fenland is a great alluvial plain, comprising an area 
of more than 1,300 square miles, and averaging in height 
about lo ft. above the level of the sea. The fen-basin°is, 
for the most part, hollowed out of the Oxford and Kim- 
eiidge clays ; but boulder-claj'' overflies these rocks over a 
great portion of the district. Fringing the western shore of 
this basin we find a series of gravels which I call the Beach- 
gravels, anil which are generally continued over the floor of 
the basin, in which position I call tUm Floor-gravels. Above 
these gravels comes ^ a series of peat-beds and marine silts 
and clays, all of which are very variable — ^peat, for instance 
in some places occurring from the surface dorm to the gravels! 
and at others being entirely absent. The beach- and floor- 
gravels contain no fossils, save now and then a rolled bone, 
wlnch^ seldom belongs to a member of the old ‘ paleolithic 
tauna. Other gravels occur in patches near to the former 

* “The Geology of the Fenland,” Jfm. o/ 0/ .Bni. 
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courses of the old Fen rivers. These are fossMferons, and 

have yielded bones of the mam- 
moth, &c. Covering the high 
land in Lincolnshire on the 
northern boundary of the Fen- 
^ land, and in Norfolk and Suf- 
t folk the eastern and southern 

bo 

I boundaries, are widespread 
g sands and gravels, to which I 
S have given the name of Flood- 
« grmds. The general lie of the 
I beds is shown in the follow- 
ing distorted diagram-section. 

'‘I must premise that all 
these gravels are quite distinct 
^ ll, from those associated with the 
boulder - clay, although there 
I have been attempts to show 
g that they are preglacial in the 
§ f old sense of the term — that is 
I older than the chalky 

S I J boulder -clay. Wherever that 
S || ^^^y ocoiiTS>j however, they 
g "I w*' repose unconform ably upon it. 
o g J The gravels have never before 
*9 heen distinguished, and it was 
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the glacial 


'I not until I succeeded in unra- 
velling their complexity that 
their relations to 
period appeared. 

The gravels marked h occur 
solely along the courses of the 
Fen rivers Ouse, Nene, and 
W^elland, generally as isolated 
patches, but sometimes con- 
nected with the true valley- 
gravels of those rivers. They 
differ from the gravels marked 
d in several important fea- 
tures ; namely, they contain 
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niiiaeroiis shells, sometimes whole, sometimes fragmentary ; 
they are very often much contorted ; they never form 
beaches or pass into the floor-gravels ; and, lastly, the 
mammalian remains yielded by them belong to the old ^ cave 
fauna,’ and not to that of the more recent period. It is 
furthermore significant that, with the exception of the Wel- 
land patches, they belong to rivers farther up whose valleys 
pateolithie implements are found, and it is probable that ere 
long that river will be added to the list of those whose val- 
leys afford evidence of the (as yet) earliest known human 
occupation of our land. 

‘‘ These gravels are older than any of the true fen-beds, 
younger than the boulder-clay, and older, in all probability, 
than the formation of the Fenland basin, for they seem to 
have suffered denudation at that time equally with the 
glacial and other beds. The marine shells indicate a mode- 
rately cold sea, Cyprina Islanclica and other northern forms 
being the predominant species ; but the presence of Cyrena 
fluminalis seems to prove that the chmate was not excessive. 
I may here remark that the latter shell has never been found 
in any valley in England opening westward or southward, 
nor in any deposit containing the modern mammalian fauna, 
and that being extinct, as far as this country is concerned, 
it tends to prove the antiquity of the gravel. Cyprina 
Islandica still lives in the Wash, but the associated shells 
in the gravel, although British, yet do not live along this 
coast, so that the molluscan fauna is as foreign to the 
locality as the mammalian. In all these points these gravels 
differ from the others in the Fenland, and I am anxious to 
impress the fact because upon it turns a great deal of the 
argument for the correlation of the gravels. 

Many circumstances incontestably prove that during the 
palieolithic period the British Isles were connected with each 
other and with the Continent. It does not, however, seem 
to have been so much insisted upon that other facts as cer- 
tainly point to a restriction of British soil. Yet the fact that 
the estuaries of the None, Ouse, and Welland in palaeolithic 
times were twenty-five miles farther inland than at present, 
and the water-level forty feet higher, not merely proves that 
England was not then joined to the Continent, but that the 
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land stood relatively at least forty feet lower than at present. 
To what period, then, can these gravels he assigned ? It 
seems to me only to one, and that the time of the great sub- 
mergence, when the Welsh mountains were depressed some 
1,S00 ft. Hitherto the shores of that old sea have been 
unknown; but here in the Fenland, that land of mystery, 
■we find them preserved to us. 

But the evidence of the continental condition of Great 
Britain in palaeolithic times is equally incontestable. How, 
then, can these antagonistic views be reconciled? Clearly 
by ascribing to that epoch a much greater length of time 
than has hitherto been granted. Fmi of the palajolithic 
epoch—and that the earliest part— occurred while England 
was joined to the Continent ; but it did not end until that 
connection w^as severed even to a greater extent than at 
present. The length of that period cannot yet be estimated, 
nor Can ute tell how many migi'ations the Old Stone folk 
had to undertake owing to changing climatic conditions ; but 
'we may be sure that if this view^ of the prolonged duration 
of the paheolithic age be correct, we should find evidence 
of the advance of civilisation. And accordingly we do, for 
many of the palaeolithic implements in the neighbourhood of 
Brandon are more highly finished than is known elsewhere, 
and, moreover, we get there the first evidence of the use in 
England of more intractable material than flint. These con- 
siderations long since led me to look upon palaeolithic deposits 
as belonging to widely separated eras — a vie'w which you 
have so boldly advanced, and that from the study of a more 
limited area of palaeolithic beds than it has been my good 
fortune to investigate. 

'' I must now turn to the palaeozoic gravels and sands 
of Suffolk. They have been described by many previous 
writers as confined to the river-valleys, and to be, conse- 
quently, river-gravels. Tins is no otherwise true than that 
being (naturally) thicker in valleys than elsewhere they are 
there worked and the im]3lenients brought to light. In 
point of fact, however, they spread all over the country quite 
irrespective of the drainage-system, crossing watersheds, 
occupying the highest ground and running down to the 
lowest ; and at points as widely distant as possible from any 
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water-eotirse I liaye found implements. These gravels and 
sands are, for tlie most part, quite unstratified, and only 
show signs of stratification in limited areas. They form 
wide sandy heaths, which are only useful for rabbit-warrens. 
Every phase of their character shows that they are the effect 
of great floods sweeping across the face of the country. They 
have naturally accumulated in greatest force in the valleys, and 
as it would be impossible but that streams were locally formed 
so we find portions showing stratification and false-bedding, 
but these appearances are by no means confined to the river- 
channels. They are older than^ much of the present river- 
valley, for the river has cut through them, and the waste so 
derived has been re-arranged as true river-gravel, and in 
both palseolithic implements are found, although in the latter 
case they are often more rolled. 

It seems clear to me that man could not possibly have 
lived at the time when these great floods swept across the 
country, but must have been a prior occupant, whose dis- 
carded relics were swept up with other surface-matter to form 
the sandy deposit, and these floods I believe to have origi- 
nated in the melting back of an ice-sheet, probably that 
which formed the purple boulder-clay of Yorkshire and 
Lincolnshire. There must have been several such recessions, 
each giving rise to floods, both directly from the dissolution 
of the ice, and indirectly from the increased rainfall, con- 
sequent upon the enhanced humidity of the atmosphere, owing 
to the rapid evaporation of that ice. "When, then, could 
palaeolithic man have lived ? The answer is, in the mild 
period between the recession of the great ice-sheet and its 
resultant floods, on the one hand, and the floods produced 
by the dissolution of another and subsequent ice-sheet, on 
the other hand. Each succeeding flood-period would sweep 
away or incorporate the material (if any) left by the preceding 
one. Hence the complication of these implement-bearing 
beds. Those of the non-glaciated south of England may 
represent almost the whole of the glacial period, and, it 
may be, some portion of preglacial time also. The par- 
tially glaciated east of England presents less complication, 
and in the Victoria Cave are preserved deposits belonging to 
different stages of the palaeolithic period, and separated by 
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true glacial beds. To me one of the most striking facts con- 
nected with tlie palaeolitMc beds of Suffolk is tbis — that the 
ruder implements seem to be so miicli older than tbe mass of 
tbe material composing the beds in which they are found ; 
yet it has been taken for granted that these teTTestrial imple- 
ments are as much contemporaneous with the gravel-beds as 
the aqiiatic shells which the latter contain. I believe that 
many of the ruder implements from the valley of the Little 
Ouse and Lark are much older than the better- worked ones 
—they differ as much in petralogical texture as in workman- 
ship- — they are more weathered and more rolled. That their 
separation is a very difficult task is certain ; but it should be 
xecognised as a difficulty, and not ignored by grouping all 
things together. 

‘‘Very similar flood-gravels to those of Norfolk and 
Suffolk are found in Lincolnshire around Spilsby. They 
have not yet yielded palseolithic implements and perhaps 
will not do so, for there probably will be found some area to 
the north beyond which man did not then penetrate ; but as 
the deposits are in every sense similar to those under con- 
sideration they may be looked upon as of the same age. 

“We now come to the first of the true fen-beds — the 
beach- and floor-gravels. These form, as their names imply, 
beaches (as along the Lincolnshire border of the Fenland), 
and cover the bottom of the basin almost uninterruptedly. 
The Wash is often spoken of as the estuary of the Fen rivers, 
and the alluvial beds of the Fens as estuarine deposits. The 
Wash, however, is a true hay, and is no more an estuary than 
the North Sea is the estuary of the Thames and Humber; 
neither are the fen-beds estuarine, but marine or fresh- 
water. The beach-gi'avels occupy much the same relative 
levels as the old fossiliferous river-gravels before described ; 
and hence they have been confounded with them. But they 
possess important differences— to wit, they are regularly 
stratified and not contorted, and they pass downwards into 
the floor-gravels, while the fossiliferous beds do not. More- 
over they never contain marine or other shells^ notwith- 
standing that their physical aspect at once proclaims them to 
be true beaches. Occasionally they enclose a few rolled 
bones, but these belong to the neolithic fauna ; or if a frag- 
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ment of older date occur, its condition at once stamps it as 
liaying been derived from some older bed. Implements of 
any Mnd are entirely wanting in them, but in some few cases 
tbin beds of peat and marine sdt are found — deposits w-bicli, 
coming on in force subsequently, are, as it were, fore- 
shadowed in these gravels which are thus at once marked as 
belonging to what we may for convenience call the Fen 
period. The only marine organism I have found is a stone 
with a small patch of adhering to it. Bearing in 

mind the absence of palmolithic implements and fossils it seems 
probable that these gravels belong to the interval between 
the emigration of the Old and the immigration of the Newer 
Stone folk, and that they represent in time some of the 
latest glacial deposits of northern Britain. 

'^The Nar Valley beds are older than these gravels and 
newer than the old fossiliferous river-gravels. 

Eeposing upon the beach and floor-gravels are the peat- 
beds and marine silt of the Fens. The peat, speaking gene- 
rally, occupies a surface-area of about 500 square miles, and 
attains a thickness of 20 feet. It occupies most of the 
ground along the west, south, and south-east. >Sometimes it 
forms one great bed extending from tbe surface to the 
gravels, at others it is entirely wanting ; but, as a rule, there 
are several layers, some of which extend far eastwards under 
the marine silt. Three layers of peat can be determined 
with some degree of certainty, but the whole of these fen- 
beds indicate a struggle for supremacy by the fresh water on 
the one hand, and the sea upon the other. Wherever the 
former obtained the mastery, peat grew ; wherever the latter 
triumphed, silt was deposited, and the alternations were 
sometimes very rapid. The peat, as we have said, began to 
grow during the formation of the floor-gravels, but climatic 
conditions ceased to be favourable touts development before 
the Eoman invasion, and peat now only gxows in a few dank 
sheltered valleys, and in a few stagnant shallow trenches. In 
this respect it is different from much of the Scottish peat, 
which is certainly of post-Eoman date."^ The climate is now 
too dry for peat to form in force, and this, amongst other 

* See ante, p. 319, where it is shown that while some Scottish peat is of post- 
Eoman age, much belongs to an older period. — J. Gr. 
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tilings, shows that a gradual desiccation has taken place 
since postglacial times. Another peculiarity in fen peat is 
the almost entire oi 8phagnimi, a strong growing 

Hypimm sup23lying its place. 

'' Interspersed through the jpeat are several buried forests, 
which hitherto have been classed as one, but which are cer- 
tainly as many as five in number. The only tree found 
therein which is not indigenous to the district is the Scotch 
fir, Pinus sylvestris, which attained colossal dimensions, and 
possessed remarkably thick bark — a certain indication of the 
greater severity of the then climate. 

^"The marine silts are of two lands, clay and warp. They 
call for no special mention here, being very similar to the 
de 2 ')osits to which the name of SovohimUma day has been 
given. As, however, that term ajiplies only to one phase of 
the deposit, I prefer to call it merely Fen silt The area 
oecujned by this silt is about 600 square miles, but it is gra- 
dually increasing, about 64,000 acres having accreted since 
the second century, the mean rate of deposition being about 
11 feet annum. The mammals of the peat and silt 
belong to the new^er fauna. Neolithic, bronze, and iron imple- 
ments occur in the upper part and on the surface. 

'^A few wmrds may now" be said respecting the physical 
history of the Fens. The first important event was the 
breaching of the great Chalk harrier between Lincolnshire and 
Norfolk, wdiicli let the sea into the low"-iying plains of the 
Oxford and Kimeridge clays and resulted in the scooping out 
of the great basin, part of w^hich is now occupied by the Fens 
and the rest by the Wash. This imjportant event occurred 
in late Tertiary times. Then the Ice Age came on, and 
glacial clay W"as dejiosited along the coast (Cromer till). Next 
succeeded a mild j)eriod, during wdiich the ‘‘ middle glacial ” 
sands of Mr. S. T. Wood were deposited, wdiich range in 
elevation from 300 feet above the sea to 600 feet below it 
(at Boston). These are said to be marine, and in some 
places they may be so, but I am inclined to doubt whether 
this is always the case. Then came a return of intense 
glacial conditions (broken by mild intervals) during w"hich the 
great boulder-clays of the eastern and north-eastern counties 
were deposited. After the ice-sheet vanished Britain W"as 
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■united to the continent. The next event tvas the great sub- 
mergence, the most southern traces of 'H’hieh 'vre find in the 
fossiliferous valley-gravels of the Fens at a height of 40 feet 
above the sea-level. Then we have the floods from the ice, 
which again formed to the north, and, finaUy, as the glacial 
epoch came to a close, the beach- and floor-gravels were formed. 
The boulder-clay filled up the basin of the Fens, which was 
re-excavated during the great submergence. The after 
history of the fens is one of deposition— fii-st of gravels, then 
of peat and silt. The climate was colder and wetter than at 
present, but long intervals of dryness intervened durino- 
which forests slowly crept down from the high land as the 
peat temporarily ceased to grow : of these dry intervals we 
know at least 

‘‘ The following table shows the deposits treated of, in 

tlieir natural sequence : — ^ 


Deposits. 


9. Blown sand 
8. Peat . 


TABIM OP PEPTLAKD BEDS. 
(By Sydney B. J. SkertcHy.) 


7. Sliell marl 


Silt. 


6. Beack and floor 
gravels 

5. ISTarValley beds 


Dossils. 


jSTone 

Bos longifrons^ B. 
primigenius, Me- 
gaceros Miber- 
nictis, Castor Jiber. 
Buried forests; 
iron, bronze, and 
neolithic imxfle- 
ments 

Decent shells . 


Mammals as above. 
"Whale, grampus. 
Sorobicitlaria, p ipe- 
rata and other re- 
cent sheUs. Neo- 
lithic implements 
Deer. Bos longi- 
frons 

Decent marine sheUs 
many not now liv- 
ing in the Wash i 


Physical Conditions. 


Demarks. 


As at present. 

Similar to present, 
but rather colder, 
rainfaU heavier, 
with dry intervals 


As above 


As above 


Band submerged oO 
feet ; climate cold 
As above 


Does not now 
grow under 
natural condi- 
tions. 


Intercalated in 
upper part of 
peat. 

Forming simul- 
taneously with 
peat at aU 
times. Still 
forming. 


In Nar Valley 
only. 
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Table op Fexland Beds — continued. 


Deposits. 

Dossils. 

Physical Conditions. 

Eemarks. 

4. Old Talley and 
flood-gravels 

3. Boulder-clay • 

Shells, vrith Cyrena 
fluminalis and Oy- 
prina Jslandica, 
Old “ care fauna,’ ’ 
palaeoHthic im- 
plements 

Hone 

Land at first con- 
tinental, after- 
wards submerged 
40 feet. The great 
submergence of 
Wales, &c. 

Land 500 ft. higher 
than now. Ice- 
sheet. England 
continental. 


2. Sands, gravels, 
and clays 

Unknown , . 

j 

Only reached at 
Boston. They 
correspond to 
S. Y. Wood’s 
middle glacial. 

1. Glacial deposits 

None 

Land relatively 

much as at x^re- 
sent : 

Till and con- 
torted beds of 
Norfolk coast. 


Late Tertiary (Pliocene ?) — Chalk barrier Preached. 




CHAPTER XLI. 

GEOLOGICAL POSITION OF NEOLITHIC, PALAEOLITHIC, AXI) 
OSSIFEROUS DEPOSITS OF FOREIGN COUNTRIES. 

PalseolitMo deposits wanting in Switzerland. — Mammalia of interglacial beds.-— 
Swiss postglacial deposits belong to neolithic, bronze, and more recent 
periods. — Postglacial deposits of northern Italy of neolithic or more recent 
age. — Mammalian remains of Piedmont. — Paleolithic tools and remains of 
southern mammalia nowhere found in superficial deposits overlying the 
great northern drift. — Wide distribution of neolithic implements over 
northern Europe. — Inferences. — PalseolitMo man and the southern mam- 
malia not postglacial. — Distribution of the old mammalia over Siberia and 
North America. — Proofs of mild climates within Arctic Circle. — Trees 
in Greenland.— Mammalia absent from districts covered with the later 
glacial deposits, hut abonnd in the districts beyond. — General conclusions. 

I F the conclusions now arrived at in regard to the pre- 
glacial and interglacial position of palseolithie remains 
and the old mammalia be reasonable, they ought not to con- 
tradict, but, on the contrary, should receive confirmation 
from the evidence supplied by other regions. I jiropose, 
therefore, to discuss very briefly the relation borne by the 
mammaliferous beds of Switzerland, Italy, and North America 
to the glacial deposits of those countries. 

In Chapter XXXII. it will be remembered that some 
account is given of certain lignite beds which rest upon the 
ancient ground-moraine of the Swiss lowlands, and are 
covered by accumulations belonging to the last great advance 
of the glaciers in that country. With those lignites are 
associated human relics, the remains of elephant and rhino- 
ceroS' — both southern forms — and other mammalia, none of 
which is northern. There is no doubt that the underlying 
ground-moraine corresponds to our older deposits of till, and 
just as little that the overlying glacial debris is the Swiss 
equivalent of our upper boulder-clays and shelly clays ; in 
other words, the Swiss lignites occupy exactly the horizon of 
our most recent palaeolithic deposits. 

N N 2 
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With this singular notable exception, nowhere in the 
Swiss low grounds do any remains of the southern mammalia 
occur. Eelics of the neolithic and hi’onze ages are plentiful 
" — bones of dogs, pigs, deer, sheep, horses, &c., turn up in 
every recent alluviiini — ^but not a single trace of any of the 
southern mammalia or of pateolithic man has ever been 
discovered.* The mammoth and the woolly rhinoceros have 
been disinterred from the old loams of the Eliine and other 
rivers, but lions, tigers, hippopotami, elephants, and hyinnas 
are nowhere visible. Now, on the assumption that these 
animals and palaeolithic man did not live in Europe after the 
last great increase of the Swiss glaciers, their absence from 
the surface alluvia and gravels is precisely what we should 
have anticipated. The deposits ■wliicli may once have con- 
tained them have been well-nigh obliterated — the only 
fragments left being the lignite beds of Diirnten and Wetzi- 
kon. It may he, however, that underneath the vast deposits 
of loess belonging to the last cold period, paheolithic deposits 
lie concealed.t 

The same facts meet us on the Italian side of the Alps. 
Marl-beds and peat-bogs occur in many places, particularly 
in Piedmont, where the latter occupy depressions in the 
surface of the ancient glacial moraines. Traces of lake- 
dwellings (Palafitte) are found beneath these old peat-mosses, 
and answer in every respect to the similar relics met with in 
Switzerland (Pfaldbauten). The animal remains associated 
with the palafitte me the dog, horse, ox, goat, sheep, stag, 
roebuck, boar, bear {Utsus aTctos)y &c. Nowhere have the 
mosses, alluvia or marl-beds (which are all clearly of later 
date than the moraines belonging to the last extension of 
the Alpine glaciers) yielded any trace of the old southern 

* Professor Fraas describes the occurrence of palasolitHc remains at Scbns- 
senried in Wiirtemberg, They rest upon the old moraine of the extinct glacier of 
the Shine, and lie far beyond the limits reached by the glaciers in what the S wiss 
geologists call the second ice period. (The moraines of the first and greatest 
extension of the glaciers extend for some five miles beyond Schussenried.) The 
Sehussenried palseolithic deposit therefore occupies precisely the same position as 
the gravel beds that overlie the boulder-clay at Hoxne, and is not more entitled 
than these to be classified as postglacial. 

t To the last interglacial period probably belong the lignites at Steinbach near 
Baden-Baden, and at Imberg near Sonthofen in Bararia. These beds occur in 
ancient river-gravels which are coyered with the loess of the last cold period. 

J Gastaidi, Zalce Habitations and Bre^historio Memains in Italy, 
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mammalia or of palceolitlaic man. The human relics all 
belong to neolithic, bronze, or still more recent times. 

It is well known, however, that beds of lignite and river 
accumulations containing remains of the mastodon, the ele- 
phant, the rhinoceros, the hippopotamus, &c., occur in Pied- 
mont. These deposits are older than the moraines of Ivrea 
and the great heaps of similar debris lying at the mouths of 
the lake-valleys of northern Italy. According to the Italian 
geologists, they must be correlated with the lignite beds of 
Diirnten and Wetzikon in Switzerland, and hence are not of 
preglacial or postglacial, but of interglacial age. 

Palseolithic implements are said to occur in the gravels of 
the Tiber,* but they have not been discovered in fluviatile 
deposits in any other part of Italy. So also in beds of sand 
near Megalopolis, in Greece, palasolithic implements are asso- 
ciated with bones of the great pachyderms ; t und palaeolithic 
valley-gravels containing remains of the African elephant 
occur near Madrid. f It is in France, however, in the valleys 
of the Somme and the Seine, where such deposits are most 
typically represented. 

In Scandinavia, Denmark, Holland, northern Germany, 
and Eussia no pakeolithic gravels have been detected, neither 
have the remains of the more characteristic southern genera 
• — Hippopotamiis, Elephas antiquus, Rhinoceros megarhinus, 
and B. leptorhimts (Owen) — ever occurred in any superficial 
river deposit throughout that vast area. The lion and hyaena, 
however, have left their traces in the caves of Germany, and 
in the ancient river-gravels of the Main and the Ehine 
numerous mammalian remains have been detected. Among 
these are elephant {E. antiquus), hippopotamus, rhinoceros, 
mammoth, Irish elk, reindeer, urns, cave-bear, &c. The 
river-gravels and sands that contain these remains occur at a 
considerable height on the slopes that overlook the present 
vallej^s, and although they have not as jmt yielded any trace 
of man or his works, yet, according to Dr. Sandberger, there 
can be no doubt that they belong to the same age as the 
palseoHthic gravels of England and France. Overlying the 

Ancient Stone LnpUments, ka., f Op. et he. cit. 

t Op. et loo. cit. ; see also Casiano de Prado's Descripcion flsica y geoUgioa eU la 
Urovincia de Mudindy p. 186 , 
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grayels in question comes the great deposit of loess or diluvial 
mud which the rivers carried down during the last consider- 
able extension of the Alpine glaciers. There can be no 
question that this loess, which covers such vast areas in the 
low grounds of Europe, is simply the flood-loam laid down by 
the vast inundations that took place during the melting of 
the great glaciers.'"" Such inundations would occur not only 
when the climax of glacial cold was past and the glaciers had 
begun to retreat, but even during the veiy climax of the glacial 
epoch I each summer (when the heat received from the sun 
was probably greater than it is now in central Europe) would 
liberate vast quantities of water, which would form rivers of 
a depth and breadth of -which we have nowadays no concep- 
tion. According to Dr. Sandberger, in these times the Bhine 
at Strasburg carried forty-eight times as much water as it 
now does at its highest. 

Now when one thinks of it, this distribution of pateolithic 
and mammalian remains is very remai’kahle. For when we 
put aside the caves we find that no palaeolithic implements 
and none of the southern mammalia occur in those regions, 
which are more or less thickly covered with the sand, gravel, 
and erratics belonging to the northern drift. Holland, Den- 
mark, northern Eussia, and the whole of northern Germany, 
from the borders of the Baltic down to near the base of the 
Hartz mountains and the Biesengebirge, are abundantly 
covered with plateaux and heaps of drift, in the hollows of 
which occur numerous lakelets and pools. These deposits form 
what has long been known as the Northern Drift, and no 
doubt they belong in large measure to the climax of the 
glacial epoch, when the Scandinavian ice-sheet reached its 
farthest limits. How far south the last ice-sheet extended 
has not yet been ascertained; it is most likely, however, 
that it actually invaded northern Germany. We know, at 

^ My "brotlier has suggested that the loess may owe its origin to the hlooldiig- 
up of the North Sea by the mer de glace of Scandinavia and Britain, which by 
damming np the exit of the great rivers flowing north would cause them to 
inundate all the low grounds to the south. It is not improbable, I think, that 
this may have happened; but wide-spread deposits of flood-loam would, have 
taken place even had there been no damming back of the waters, just as we 
have^seen was the ease in North America. The great “ Bluff formation’* of the 
Mississippi evidently could not have resulted from a damming-hack of that 
river, but simply marks the depth and breadth reached hy the inxmdations duiing 
the melting of the great ice-sheet. 
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all eyents, that it was confluent with the Scotch ice, and 
that, owing to its pressure, the latter was forced to trespass 
upon the north-eastern districts of England. There is reason 
to believe, also, that in late glacial times the northern drift 
of Germany was modified to some extent during a peiuod of 
submergence, as is proved by the presence of sea-shells in 
the drift both of East and West Prussia. But the extent of 
that submergence is not known ; a very slight degree of 
depression, however, must have brought the sea over a wide 
region in northern Germany. Now over all the broad area 
occupied by the northern drift the superficial river-deposits 
have yielded only remains of the present temperate fauna, 
with human implements belonging to neolithic or still inore 
recent times. Of the earlier palaeolithic age they contain no 
trace whatever. Similarly, in the great valleys that drain 
down from the Central Alps — the Khine, the Rhone, the 
Danube, and the Po — we find immense accumulations of 
flood-loam or loess, the upper portions of which at leas^ 
must belong to that last cold period during which the glaciers 
advanced upon the lowlands of Switzerland and overwhelmed 
the forest-lands of Zurich. Now it is a fact that hitherto 
the only human relics found resting upon these deposits 
appertain to neohthic and more recent times. Neither 
pateolithic implements nor bones of the southern mammalia 
have there been detected. It is only when we get fairly 
beyond the limits of the Alpine diluvium*’ belonging to the 
latest era of great glaciers, that palaeolithic deposits come on 
in force, as in the north-east of France. 

No one will be inclined to believe that, at a time when 
the hippopotamus and the southern forms of elephant and 
rhinoceros were joint tenants of England and the north-east 
of France, these animals never strayed into similar latitudes 
of Germany. During the palaeolithic period Britain was 
united to the Continent, and it is in the highest degree 
unlikely that man and his southern congeners were then 
restricted to the few river-basins in western Europe, where 
their remains are now met with. Besides, as we know from 
the e'^ddence of the caves and the old refuse-heap at Schussen- 
ried, palaeolithic man was a denizen of Germany, and the lion 
and the hyaena were his congeners there. 
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No sooner, lioweyer, do we admit tlie interglacial age of 
the palceolitliic riyer-deposits than all our difficulties yanish, 
and the manner in which the gravels are distributed becomes 
full of meaning. 

After the great mwr de glace that extended from Scandi- 
navia to the plains of Germany had retired, and the massive 
Ehone glacier had retreated from the low grounds of France 
and once more shrunk into its mountain-valley, and when 
the mighty ice-streams that invaded the plains of Piedmont 
had melted away, vegetation followed the retreating steps 
of the ice, and palaeolithic man, accompanied by the arctic 
mammalia, wandered over Europe. As the climate grew 
milder these latter gradually migrated northwards, and were 
succeeded by the temperate and southern groups ; and, 
seeing that the hippopotamus ranged as far at least as Leeds 
in England, there is no reason why it should not have fol- 
lowed some of the great European rivers down to the shores 
of the Northern Ocean. The Elbe, the Weser, the Ehine, 
and the Meuse were surely as likely to tempt the old river- 
horse to a bath as the smaller rivers of England. Nor were 
such waters as the Ehone and the Po likely to be despised. 

This period of mild and genial winters eventually passed 
away, but before it did so certain great changes in the geo- 
graphy of Europe took place. A large part of the British 
Islands disappeared below the sea. But as this submergence 
continued, the last cold period of the glacial epoch began. 
The land again rose and great confluent glaciers covered 
Scandinavia and a large part of the British Islands, uniting 
to form one great mer de glace which reached down to and even 
beyond the valley of the Humber. At the same time huge 
glaciers descended all the valleys of the Alps, and, advancing 
upon the low grounds of Switzerland, overwhelmed the 
forests, and here and there buried beneath their debris 
deposits containing remains of the southern and temperate 
mammalia. The rivers, greatty swollen, swept down vast 
quantities of fine glacial silt, underneath which were con- 
cealed such of the ossiferous beds as the rivers themselves 
had not demolished and re-arranged. The southern mam- 
malia had left Europe, and in their place came the northern 
forms — ^mammoths and woolly rhinoceroses, the mammoth 
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ranging into sotithern Italy — and at a still later date herds of 
reindeer, wliich lived south as far as the slopes of the 
Pyrenees. Glaciers then existed in the Vosges and the 
Black Forest, and those of the Pyrenees exceeded in size their 
present ptiny descendants. 

After this glacial condition of things had lasted for a long 
time, the climate began to ameliorate. In the north of 
Europe the ice again melted away, but the old freshwater 
deposits which had been laid down in pateolithic times, and 
which in the previous interval of depression had doubtless 
siiftered extensive denudation, had been well-nigh completely 
demolished under the grinding of the ice-sheet. In Scot- 
land, Ireland, Wales, and the north of England little or no 
trace of them remained. Even the marine deposits which 
were laid down towards the close of the last interglacial 
period had been extensively eroded, although, as might have 
been expected, they have been more abundantly preserved 
than the freshwater accumulations. In the great valleys of 
the Alps, the interglacial beds had almost entirely dis- 
appeared — the only traces of them preserved being the lig- 
nites of Diimten, and the bone-beds and lignites of northern 
Italy. In the lower reaches of the valleys that drain from 
the Alps, vast sheets of loess had been distributed — obscuring 
and concealing any palseolithic beds which may have existed 
at the surface before the last cold period commenced. But 
beyond the glaciated regions, and south of the area which 
had been submerged, the old valley-gravels, vdth their 
interesting memorials of man and his associates, the southern 
mammalia, remained. These, however, had been greatly 
denuded, and to a large extent re^-arranged and scattered about 
by the floods that ensued during the melting of the glaciers. 

When the last ice-sheet had retired from the low grounds, 
it was followed by the sea to a certain extent, and arctic shells 
then lived round the Scottish coasts. Eventually, however, 
Britain again became continental, while the climate still con- 
tinued cold and ungenial. The mammoth and its associate, 
the woolly rhinoceros, seem to have lived down to this time 
in central Europe, for their remains occur in the loess of the 
Ehine; it is very doubtful, however, whether they ever 
revisited Britain. But palaeolithic man and the southern 
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mammalia not only did not re-enter Britain, but would even 
appear to have become extinct in Europe. 

During palaaolitbic times more than one land-passage 
existed between Europe and Africa, across wbicli doubtless 
tbe soutliern mammaKa bad entered our continent. At 
wbat j>articular time these land-passages became submerged 
there is no unequivocal evidence to show ; but it is probable 
that they disappeared during the last cold period. Whether 
Europe was again united to Africa in postglacial and neolithic 
times we cannot tell ; but we do know that the immigration 
of the southern mammalia ceased with the close of the last 
interglacial period. 

It was neolithic man who, after the last ice period had 
passed away, became the sole occupant of Europe — his relics 
being found eveiy where throughout the continent, accom- 
panied by the remains of that group of mammalia which is 
still characteristic of these latitudes. 

We must now glance at the distribution of the old mam- 
malia in the higher latitudes of Asia and North America. 
The great plains of Siberia, extending from the base of the 
IJral Mountains to Behring's Straits, are traversed by several 
large rivers, which in many places have exposed fine sections 
of those extensive alluvial beds that almost everywhere 
throughout this vast region form the subsoils. These 
alluvial deposits are often literally packed with the remains 
of mammoth, woolly rhinoceros, bison, and horse. So abun- 
dant, indeed, are remains of the mammoth, that for many 
years they have actually been quarried for the sake of the 
ivory— in 1821, no less a quantity than 20,000 lbs. of this 
product having been obtained from New Siberia alone. The 
Liakhov Islands and New Siberia have evidently formed at 
one time a portion of the Asiatic continent ; indeed, they 
appear to be chiefly composed of ancient river alluvia, which 
are scarped into a series of low cliffs along the coast— the 
resort of the ivory hunters, where they may be seen every 
, summer digging the mammoth-tusks out of the frozen soil 
which has partially thawed. The fossils are usually well- 
preserved. Indeed, on one occasion, the actual carcass of a 
mammoth was exposed in one of the cliffs in so fresh a state, 
that the dogs ate the flesh. 
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The presence of these numerous animal remains indicates 
the former prevalence of a milder climate in Siberia than 
now. For we can hardly doubt that the animals actually 
occupied the low-lying tracts through which the rivers of 
northern Asia flow. At the same time it is evident, that, 
diirmg whiter, carcasses would frequent^ be frozen into the 
ice in the upper reaches of the rivers, and, when summer 
returned, would often be floated down for long distances 
before they became finally entombed.'^''' It is impossible to 
believe, however, that all the remains which occur so abun- 
dantly along the whole borders of the Arctic Sea, have 
been floated down in this ivay from lower latitudes. 
By far the larger proportion must belong to creatures that 
lived and died in the latitudes where their bones are now 
found. 

It is remarkable that, nowhere in the great plains of 
Siberia do any traces of glacial action appear to have been 
observed. If cones and mounds of gravel and great erratics 
like those that sprinkle so wide an area in northern America 
and northern Europe had occurred, they would hardly have 
failed to arrest the attention of explorers. Middendorff does 
indeed mention the occurrence of trains of large erratics 
which he observed along the banks of some of the rivers, but 
these, he has no doubt, were carried down by river-ice, t 
The general character of the tundras is that of wide flat 
plains, covered for the most part with a grassy and mossy 
vegetation, but here and there bare and sandj^ Frequently 
nothing intervenes to break the monotony of the landscape. 
The eye wanders over a sealike exjpanse that stretches far 
away until it seems to blend with the blue distance. Here 
and there, perhaps, a slight roll of the ground makes a faint 
low arch against the pale horizon, and serves as a landmark 
to Samojede and Ostjak, but otherwise the ocean of the 

^ ^ Dr- Dae suggests that the animals might have been drowned far up the 
rivers and afterwards floated down stream for perhaps hundreds of miles, until 
they reached the shallows at the mouth, where the heads, loaded with a great 
weight of bone and tusks, would get aground in three or four feet of water.” In 
this position they would 1)6 frozen up as soon as the winter set in ; and as the 
ice would remain solidly frozen to the muddy bottom, it would eventually be 
buried under new deposits of mud when the next spring with its floods came 
round. — Jlkycsme, vol. xlviii. (1874), p. 60. 
t Reisen in den dussersten norden tmd osten Sibiriens, Band iv. Theil i. p. 269. 
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tuiiclra extends without intermption — an interminable 
plain/''' 

It would appear, then, that in northern Asia representatives 
of the glacial deposits which are met with in similar latitudes 
in Europe and America do not occur. The northern drift of 
Russia and Germany; the upper tiU and Asar of Sweden ;* 
the younger deposits of till, the kames, eskers, and erratics 
of Britain; and the equivalent accumulations of northern 
America have apparently no representatives in Siberia.f 
Consequently we find the great river-deposits with their 
mammalian remains, w^hich tell of a milder climate than now 
obtains in those high latitudes, still lying undisturbed at the 
surface. + 

We must now take a rapid glance at the distribution of 
mammalian remains in North America. 

In the regions lying to the west of the Rocky Mountains 
(Alaska), we have a continuation of the same physical condi- 
tions that characterize the more northerly latitudes of Asia, 
namely, great plains intersected by large rivers. Along the 
banks of these rivers, north of Mount St. Elias, numerous 
mammalian remains (especially the mammoth) have been 
detected. In Kotzebue Sound, Captain Beechey found that the 
wasting of the frozen cliffs w^as continually exposing the bones 
and tusks of mammoths and other quadruj)eds — among which 
were urns, reindeer, musk-ox, a large deer (perhaps the 
moose), and others. But in the northern latitudes east of 
the Rocky Mountains, no such mammalian remains have 
been detected. According to Sir J. Richardson, '' none have 
hitherto been found in Rupert’s Land, though the annual 
w^aste of the banks of the large rivers and the frequent land- 
slips would have revealed them to the natives or fur-traders 

* Sckrenck’s Eeise diirch die Timdren der Samojeden, Tkeil i. p. 271. Some 
good descriptions of tundra landscapes will be found in Gr. Kennan’s Tent Life 
in Siberia. 

t Mr. T. Belt bas proposed an explanation of tbe great plains of Siberia 
similar to that suggested by niy brother in reference to the loess of Euro|)e. He 
thinks that the nyers flowing north were dammed hack by an ice-sheet 
extending from the polar regions, and that thus an immense sea of fresh water 
was formed in which the silt and sand of the tundi'as were accumulated. It 
seems to me, however, that great inundations caused by the floods of the ice 
period -would account for aU the phenomena fully better— more especially for 
the entombment of the mammalian remains. 

I It is hy no means improbahle that the mammoth and woolly rhinoceros may 
have survived in northern Asia down to a comparatively recent date. 
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liad they existed eyeii in small numbers. They are rare also, 
or altogether wanting, in Canada.'’^ 

Nevertheless, proofs are not wanting of a former mild con- 
dition of things having prevailed within comparatively recent 
times in the far north of British America. Sir Edward 
Belcher brought away from the dreary shores of Wellington 
Channel (lat. 75*^ 32' N.) portions of a tree which there can 
be no doubt whatever had actually grown where lie found it. 
The spot where it was found lay about a mile and a half 
inland. I give the account in Sir Edward’s own words. He 
says: at once perceived that it was no spar, and not 

placed there by human agency : it was the trunk and root of 
a tree, which had apparently grown there and flourished, but 
at what date who will venture to say ? It is, indeed, one of 
the questions involved in the change of this climate. As the 
men proceeded with the removal of the frozen clay surround- 
ing the roots, which were completely cemented, as it were, 
into the frozen mass, breaking off short like earthenware, 
they gradually developed the roots, as well as what appeared 
to be portions of leaves and other parts of the tree, which 
had become embedded where they fell, and now were barely 
distinguishable — at least, not so much as some impressions 
on coal — to the casual observer. . . . When a warmer climate 
prevailed here, this tree possibly put forth its leaves and 
afforded shade from the sun : most fervently did I just now 
wish for its return. . . . Two neighbouring mounds were 
also dug into, but they proved to be peat — doubtless other 
stumps and vegetable matter, the only remaining traces of 
what might at some distant period have been a forest. All 
the surrounding earth and tufts of grass indicated this spot 
to have been the bottom of some lake or marsh.” t Dr. 
Hooker, who carefully examined the piece of wood brought 
by Sir Edward, pronounced it to belong to a species of pine, 
probably to Pimcs (Abies) alba, the most northern conifer, 
which advances as far north as the sixty-eighth parallel. 
The structure of the wood was found to differ remarkably in 
its anatomical characters from that of any other conifer with 
which Dr. Hooker was acquainted, and the peculiar conditions 

^ Journal of a Boat Voyage through Mupert'^s Land, vol, ii. p. 210. 

t The Last of the Arctic Voyages, 
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of an arctic climate seemed to him to afford an adequate 
explanation of the appearances presented.* 

With the exception of this discovery of Sir Edward 
Belcher s, and possibly also of those mentioned in the note 
below, we have no direct evidence which seems to prove 
that any milder climate than the present has prevailed in 
British America since glacial times.f The whole surface 
of the country, from the shores of the Arctic Ocean dowm 
to the latitudes of the great lakes, and even considerably 
farther south, is more or less abundantly sprinlded with 
drift deposits— with till, and heaps and hummocks of sand 
and gravel, and numerous erratics. Yet nowhere over this 
wide area, dowm to the borders of the United States, do the 
extinct mammalia appear in any postglacial deposits. In 
the neighbourhood of the great lakes they occur in fresh- 
water clays, along with abundant vegetable remains, and these 
clays are clearly overlaid by glacial deposits. It is only 
W'hen the southern limits of the northern drift are approached, 
that the extinct mammalia begin to be found in any numbers 
at the very surface ; and their remains occur in greatest pro- 
fusion in the regions which have not been readied by the 
drift of the last cold period. In proof of this I need only 
remind the reader of the account which has already been 
given of the forest-bed ’’ of the North-w^estern States, and 

* Op. cit. j). 381; British Association Beport for 1855, p. 10 i. Captain 
McClure discovered in Banks’s Land, in lat. 71° 48', many fossil-trees, as well 
as fragments not fossilised, lying over a wide extent of ground {Biscovery of a 
jBorth-West Passage^ p. 208). Again, trunks of trees, which, had. evidently 
grown in situ, were detected in Prince Patrick’s Island, in lat. 76° 12' N, 
long. 122® "W*., hy Lieutenant Mecham. Two of these measured respectively 
4 ft. in circumference, and a third 2 ft. 10 in. ; one of the former reached SO ft. 
in length. Unfortunately the species was not determined, hnt according to the 
ship carpenter it resembled larch. “ V\Uien comparatively dry, it was tried as 
fael, hut its viitue had gone; it threw out little or no flame, hut smouldered 
rather than burnt, Hke so much tinder” (Voyage cf JS.M.S. McDougall, 

X3p, 292, 293). It is highly probable that all these trees belong to the same 
I>eriod as the pine described by Sir Edward Belcher; but without a geological 
examination of the ground it would be hazardoUvS at once to conclude that they 
do. The remains of trees, of Miocene age occur so plentifully mthin the 
Arctic Cii’cle, that it is just possible that the trees discovered by McClure and 
Lieutenant Mecham may be referable to Miocene times. 

t I fiui aware that several arctic explorers are of oi)inion that the climate of 
Greenland has altered for the worse within quite recent times. The huts of 
Esquimaux have been met with in places which are not now risited hy the 
natives. And this, taken in connection mth other evidence, j)oints as'^some 
think to a somewhat milder climate having prevailed in those regions witlnn 
even iiistorical times. But the succession of a few unusually mild years would 
possibly explain all the appearances referred to. 
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the abundant mammalian remains of the so-called driftless 
area ’’ of Iowa, Wisconsin, and Minnesota. 

Thus in the -western as in the eastern hemisphere, we are 
confronted with precisely the same phenomena. In districts 
which give no evidence of submergence during the latest 
period of glacial cold, and in regions which can be proved 
never to have been over-ridden by the last great continental 
glaciers, the extinct mammalia occur in less or greater abun- 
dance at the very surface. In Britain and central Europe, 
the old ossiferous alluvia, when traced from the low grounds 
to the mountains, disappear as soon as the morainic ddbris 
and Alpine diluvium of the last cold period are reached. 
Nowhere in morainic turbaries or alluvium which can be 
demonstrated to be of postglacial age, do any of the extinct 
southern mammalia or palasolithic implements appear. But 
when the hippoj)otamiis, the elephant, and their congeners 
do occur, in regions that are covered by the latest glacial 
deposits, they invariably occupy interglacial or infraglacial 
positions. The great plains of Siberia never could have 
nourished glaciers. We cannot conceive that even during 
the most intense cold of the glacial epoch, conditions 
similar to those which characterized Britain, Scandinavia, 
Switzerland, and North America, could have existed in 
northern Siberia ; the absence of high grounds, and the com- 
parative dryness of the climate, must have prevented any 
accumulation of glacier-ice. If morainic debris, mounds and 
cones of sand, and large erratics, like those of North 
America, occurred in Siberia, travellers would hardly have 
failed to notice them. Nor can I learn that marine deposits 
similar to our shelly marine clays and associated deposits 
cover any portion of northern Asia. Siberia would thus 
appear to have escaped the glacial and marine erosion which 
overtook certain regions in Europe and North America, and 
consequently river-deposits belonging to mild interglacial and 
preglacial ages have been preserved. Hence the great bone 
accumulations of northern Asia appear only where we might 
have anticipated they would. It is otherwise, as we have 
seen, with the corresponding latitudes in British America. 
Over all that vast region the evidences of glacial action are 
most conspicuous, and nowhere do the extinct mammalia 
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occur, Tlie trees discoyered by Sir E, Belcher and others 
belong in all probability to the last interglacial period. 

The anomalous distribution of the extinct .mammalia 
appears inexplicable on the assumption that the ossiferous 
beds are all of postglacial age ; but if they belong for the 
most part to interglacial times, the mode of their occurrence 
is precisely what might have been expected. It seems, 
indeed, impossible to i*esist the conclusion that — at the time 
palaeolithic man and the southern mammalia frequented the 
lower latitudes of Europe (where their remains occur so 
abundantly in river-gravels and cave-deposits), and while 
mammoths, horses, buffaloes, and oxen roamed over northern 
Siberia — Scotland, Ireland, Denmark, Scandinavia, and other 
regions of northern Europe also supported an abundant 
mammalian fauna, and that the mastodon and its congeners 
likewise occupied what are now the wooded regions and 
barrens of North America. And the remains of these crea- 
tures seldom or never occur in the regions referred to, 
because the deposits which once contained them have either 
been obliterated by the action of ice and the sea, or lie con- 
cealed below drift accumulations that gathered above them in 
the last cold period of the glacial epoch. 


CHAPTER XLIL 


COHCLXJSIOK. 

OO many diverse threads of evidence have now been followed, 
^ that it may be well rapidly to catch these up, and so 
weave them into one connected whole. Hitherto we have 
followed the analytical method, we must now in conclusion 
pursue the synthetical, and endeavour to build up the story 
of that chequered past, whose records we have just been 
perusing. 

Upwards of 200,000 years ago the earth, as -we know 
from the calculations of astronomers, was so placed in regard 
to the sun that a series of physical changes was induced, 
which eventually resulted in conferring upon our hemisphere 
a most intensely severe climate. All northern Europe and 
northern America disappeared beneath a thick crust of ice 
and snow, and the glaciers of such regions as Switzerland 
assumed gigantic proportions. This great sheet of land-ice 
levelled up the valleys of Britain, and stretched across our 
mountains and hills down to low’’ latitudes in England. Being 
only one connected or confluent series of mighty glaciers, the 
ice crept ever downw^ards and outwards from the mountains, 
following the direction of the principal valleys, and pushing 
far out to sea, where it terminated at last in deep -water, 
many miles away from what now forms the coast-line of our 
country. This sea of ice w^as of such extent that the glaciers 
of Scandinavia coalesced wdth those of Scotland, and the 
north-eastern districts of England, upon 'what is now the 
floor of the shallow North Sea, while a mighty stream of ice 
flowing outwards from the western seaboard obliterated the 
Hebrides, and sent its icebergs adrift in the deep -waters of 
the Atlantic. In like manner massive glaciers, born in the 
Welsh and Cumbrian mountains, swept over the low grounds 

0 0 




THE GREAT ICE AGE. 


562 

of England, and united witli the Scotch and Irish ice upon 
the bottom of the Irish sea. At the same period the Scan- 
dinavian mountains shed vast icebergs into the northern 
ocean, and sent southward a sheet of ice that not only filled 
up the basin of the Baltic but overflowed Finland, and 
advanced upon the plains of northern Germany ; while from 
every mountain-region in Europe great glaciers descended, 
sometimes for almost inconceivable distances, into the low 
countries beyond. 

Ere long this wonderful scene of arctic sterility passed 
away. Gradually the snow and ice melted and drew back 
to the mountains, and plants and animals appeared as the 
climate ameliorated. The mammoth and the woolly-coated 
rhinoceros roamed in our valleys, the great bear haunted our 
caves, and pine-trees grew in the south of England ; but the 
seasons were still well marked. In winter-time frost often 
covered the rivers with a thick coat of ice, which the summer 
again tore away, when the rivers, swollen wdth the tribute of 
such receding glaciers as still lingered in our deeper glens, 
rushed along the valleys and spread devastation far and wide. 
By slow degrees, however, the cold of winter abated, while 
the heat of summer increased. As the warmth of summer 
waxed, the arctic mammalia gradually disappeared from our 
valleys, and sought out northern and more congenial homes. 
Step by step the climate continued to grow milder, and the 
difference between the seasons to be less distinctly marked, 
until eventually something like perpetual summer reigned in 
Britain, Then it was that the hippopotamus wallowed in 
our rivers, and the elephant crashed through our forests ; 
then, too, the lion, the’ tiger, and the hy^Bna became denizens 
of the English caves. 

Such scenes as these continued for a long time ; but again 
the climate began to change, Tlie summers grew less genial, 
the winters more severe. Gradually the southern mammalia 
disappeared, and were succeeded by arctic animals. Even 
these, however, as the temperature became too severe, 
migrated southward, until all life deserted Britain, and snow 
and ice were left in undisputed possession. Once more the 
coniiuent glaciers overflowed the land, and desolation and 
sterility were everywhere. 


CONCLUSIOJSr. 
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During these oscillations of climate there would seem to 
have been not infrequent mutations of land and sea, but 
such vicissitudes, although doubtless producing local effects, 
certainly do not seem to have been the causes of the chief 
climatic changes. It is much more likely that the mild 
interglacial periods were induced by eccentricity of the earth’s 
orbit, combined with precession of the equinoxes. 

We cannot yet say how often such alternations of cold and 
warm periods were repeated ; nor can we be sure that palseo- 
lithic man lived in Britain during the earlier warm intervals of 
the glacial epoch. But since his implements are met with at 
the bottom of the very oldest pateolithic deposits, and since we 
know that the animals with which he was certainly contem- 
poraneous did occupy Britain in early interglacial ages, and 
even in times anterior to the glacial epoch itself, it is in the 
highest degree likely that man arrived here as early at least 
as the mammoth and the hippopotamus. 

Be this, however, as it may, the evidence appears to be 
decisive as to the presence of man in Britain during the last 
mild interglacial period. And this being so, it is startling 
to recall in imagination those grand geological revolutions of 
which he must have been a witness. 

During the last interglacial period he entered Britain at a 
time when our country was joined to Europe across the bed 
of the German Ocean ; at a time when the winters were still 
severe enough to freeze over the rivers in the south of 
England ; at a time when glaciers nestled in our upland- and 
mountain-valleys, and the arctic mammalia occupied the 
land. He lived here long enough to witness a complete 
change of climate^ — to *see the arctic mammalia vanish from 
England, and the hippopotamus and its congeners take their 
place. At a later date, and while a mild and genial climate 
still continued, he beheld the sea slowly gain upon the land, 
until little by little, step by step, a large portion of our 
country was submerged — a submergence which, as we know, 
reached in Wales to the extent of some 1,300 ft. or there- 
about. 

Once more, however, the land re-emerged, and glaciers yet 
again thickened in our mountain-valleys, and advanced to 
coalesce upon the low grounds. Gradually the confluent 
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ice-streams continued to increase, until eventually the British 
and Scandinavian mers cle glace became confluent for the 
last time. All Scotland, save the higher mountain-tops, lay- 
buried, and one and the same overwhelming mantle of ice 
wrapped the northern part of England, Wales, and Ireland 
in its folds. The sea between Scotland and the Hebrides was 
filled up, the Irish Sea was in like manner obliterated, while 
the united Scandinavian and British mer cle glace flowed south 
in our island as far as middle Lincolnshire at least, and per- 
haps to a yet more southerly latitude in Germany. It is not 
improbable, indeed, that at this time a considerable part of 
the low grounds of northern Prussia were covered by the 
sea, and that ice-rafts and bergs floated over the drowned 
districts ; while we know that in Switzerland the Alpine 
glaciers crept out upon the low grounds and overwhelmed 
the forest-lands of Zurich and Constance. ‘ 

A similar succession of changes characterized North 
America. After a great continental ice-sheet had retired, 
wide inland seas of fresh water appeared, and a luxuriant 
forest-growth overspread the land, which became the resort 
of a prolific mammalian fauna — mastodons, elej)hants, buf- 
faloes, peccaries, and other animals. By-and-by, however, 
the last cold period ensued, and another great ice-sheet 
streamed over the continent, ploughing up the old forest- 
land, or burying it under heaps of rubbish and erratic 
blocks. 

During this latest cold period of the glacial epoch, pala3o- 
lithic man, for aught that we can say, may have occupied 
the south of Europe ; but it is in the highest degree unlikely 
that, he lived so far north as the unsubmerged and non- 
glaciated areas of southern England. 

Another great change now ensued. The climate again 
became less arctic, ^nd great floods descending from the 
melting ice spread devastation far and wide over the low 
grounds to which the ice itself had not extended. Step by 
step the glaciers retired, and were followed by the sea, until 
the area of land was reduced to somewhat less than its pre- 
sent dimensions. Eventually the ice retired to the deep 
mountain dales and glens, and then Britain for the last time 
became continental The treeless land was now invaded by 
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the reindeer, the moose-deer, the arctic fox, the lemming, 
and the marmot, and neolithic man likewise entered upon 
the scene : his paleolithic predecessor had, as far as Britain 
and northern Europe are concerned, vanished for ever. 

Thus the paleolithic and neolithic ages are separated by a 
vast lapse of time— by a time sufficient for the submergence 
and re-elevation of a large part of our country, and the slow 
growth and decay of a great ice-sheet. 

In early neolithic times the climate was somewhat exces- 
sive, but as ages passed a’way it gradually became ameliorated. 
A strong forest-growth by-and-by covered the country, and 
herds of oxen ^mndered in its grassy glades ; but the 
southern mammalia never returned to their old haunts, and 
it is even doubtful wdiether the mammoth and the woolly 
rhinoceros again appeared in Britain. They seem, however, 
to have still lingered on for a time in central Europe. 

As years rolled on the sea again stole in between our 
islands and the Continent, until a final severance was effected. 
It is beyond my purpose, however, to trace the later changes. 
From early neolithic times a gradual improvement and pro- 
gress attended the efforts of our barbaric predecessors, until 
at length a period arrived when men began to abandon the 
use of stone implements and ^veapons, and for these to sub- 
stitute bronze. And so, passing on * through the age of 
bronze and the days of the builders of Stonehenge, 'we are at 
last brought face to face with the age of iron and the dawn 
of history. 

[PosTSCEiPT. — ^While these pages are passing through the press, my 
friend Mr. Skertchly writes me to say that he has just made a 
very notable discovery. This is no less than the occurrence, near 
Brandon, of brick-earth, containmg ‘‘bones, shells, and human im- 
plements,” which is clearly overlaid by a mass of true chalky boulder- 
clay. It is difficult to overestimate the importance of this discovery. 
Amongst other points, for which I have contended above and which 
are now demonstrated by Mr. Skertchly’s “find,” is this, that man 
was an occupant of British soil as early at least as that interglacial 
period which preceded the climax of glacial cold, and the deposition 
of the great chalky boulder-clay of East Anglia.] 
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TABLB 03? Bbitish Sebimentahy Stkata. 


POST-TERTIAEy 


TEETIART 

OR 

CAINOZOIO 


Pleistocene* 
or 

Quaternary 
r Pliogene^*^ 


Eocene* 


Cretaceous* 


SECONDARY 

OR 

MESOZOIC 


PRIMARY 

■ OR • 


f Recent and preMstoric. 

I Postglacial. 

J Late glacial. 

I Middle glacial, 
j Early glacial. 

I Preglacial. 

Crag. 

Miocene* BoTey beds, 3Iiill leaf-beds, &c. 

Hempstead beda 
Benibridge beds. 

Osborne beds. 

Headon beds. 

Bagshot beds. 

London tertiaries. 

/ Gbalk and upper greensand. 

! Lower greensand, or upper Neo- 
j coniian. 

\ Wealden clay and Hastings sand. 
Purbeck. 

Portland (includes Kimeridge clay). 
Coralline oolite (with coral rag). 
Oxford clay. 

Poorest marble. 

Great oolite. 

Puller’s eartb. 

Inferior oolite. 

Upper lias. 

Middle lias. 

, Lower lias. 

I Rbmtic or Penartb beds, 
j Keuper. 

Heat Red Sand- j Dolomitic conglomerate- 
STONE I Bunter, 



/ Coal-measures. 

J Carboniferous limestone, 
j Lower limestone sbale and calciferous 
\ sandstone series. 

Devonian and / 

Old Red Sand- < Devonian beds and old red sandstone. 

STONE* ( 


Jurassic* , 


Triassic’^ 
or 


Oarbonieerous* 
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PAL,®OZOIC 


SlLUllIAX^ . . 


Cambbian* 

Laijbextian 


' Tilestones or passage "beds. 
Ludlow beds. 

Wenlock beds. 
j Tarannon beds. 

“* Llandovery beds. 

Caradoc or Bala beds. 
Llandeilo. 

Lingula sbale. 

.. Cambrian. 

, , Fundamental gneiss. 


The Formations marked witb an asterisk bave all been considered to yield evi- 
dence, more or less satisfactory, of the former action of ice. But in some cases 
the proofs are bardly convincing. It must be remembered tbat the records of 
mild and genial climates are more likely to be preserved than are traces of cold 
and glacial conditions. The former wiil usually he represented by abundantly 
fossiiiferous marine and fresh-water deposits. In the case of the latter, a few ice- 
fioated stones and boulders are all the relics that are likely to be handed dovpi* 
The ice-markings on the rocks, and the morainic accumulations of mountain- 
valley and lowland, are almost certain sooner 01* later to he obliterated. Take, 
for example, the Glacial or Drift Formation of Quaternary times. Even now, 
the action of the weather, of frost, and rain, and rivers, is slowly but surely 
eifacing the marks left by the old glaciers. In the midland and southern districts 
of England, as I have shown in the text (see p. 3 do), so long a period has ela^^sped 
since the period of greatest glaciation that all superficial ice-markings have been 
obliterated, and we only know that these regions were once covered by glaciers 
from the presence of boulder-clay and erratics, Should our islands eventually 
become submerged, it might well be that, as the land sank down, what the 
atmospheric forces had failed to obliterate would succumb to the action of ^the 
sea. Should the land be afterwards re-elevated, it is very doubtful indeed if a 
single recognisable trace of former glacial work would remain. The farther 
hack we go in time, therefore, the more difficult must it become to detect evi- 
dence of ice-action. The older formations consist for the most part of deposits 
which gathered on the floors of ancient oceans. Yery few land-surfaces have 
been preserved. Consequently, if Ave are to find in the older formations any 
traces of former glacial cold, it will consist for the most part of scattered stones 
and boulders embedded in the heart of oceanic accumulations. Nevertheless, 
there are not wanting, even in some of the palcBozoic formations, deposits which 
bear the strongest resemblance to morainic debris. Of course, when we are deal- 
ing with formations so far removed from us in time, and in which the animal 
and plant remains depart so vddely from existing forms of life, we can hardly 
expect to derive much aid from the fossils in our attempts to detect traces of cold 
climatic conditions. The arctic shells in our post-tertiaiy clays are convincing 
proofs of the former existence in our latitude of a severe climate ; but when we go 
so far back as palasozoic ages, we have no such clear evidence to guide us. AU 
that palseontologists can say regarding the fossils belonging to these old times is 
simply this, that they seem to indicate, generally speaking, mild, temperate, or 
genial, and even sometimes tropical, conditions of climate. Many of the fossils, 
indeed, if we are to reason from analogy at all, could not possibly have lived in 
cold seas. But, for aught that we know, there may have been alternations of 
climate during the deposition of each particular formation ; and these changes 
may be marked by the presence or absence, or by the greater or less abundant 
development of certain organisms at various horizons in the strata. Notwith- 
standing all that has been done, our knowledge of the natural history of these 
ancient seas is still very imperfect ; and therefore, in the present state of our in- 
formation, we are not entitled to argue, from the general aspect of the fossils in 
our older formations, that the temperature of the ancient seas was never other 
than mild and genial. 

It is beyond my purpose in this Note to do more than jot down a few instances 
of what have been considered as indications of former ice-action,^ 

The oldest, or Laurentian, formation consists of rocks which have been so 
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iigHy altered from tlieir original condition, that, even if they had ever contained 
any evidence of old iee-action, it must have been obliterated. 

Mr. James Thomson has described the occurrence of granite boulders in schist 
of supposed Cambrian age, in the island of Islay, which he infers must have been 
transported by ice. The beds in which the boulders He show very little trace of 
Btratification, and no granite occurs in situ in the island.* I have sometimes 
thought also that the conglomerates belonging to this formation, in the north- 
west of Scotland, might possibly, have had a glacial origin. 

In the Lower Silurian of the south of Scotland (Cflen App and Dalmellington) 
we find large blocks and boulders (from one foot to five feet in diameter) of 
gneiss, syenite, granite, «S:c., none of which belong to the rocks of that neighbour- 
hood. Indeed, no such rocks, of older age than the Silurian, occur nearer than 
the Laurentian rocks of the north-western Highlands and islands. Possibly 
the boulders may have come from some ancient Atlantis ; and, considering the 
great size of the blocks, and the considerable distance they may have travelled, 
it is not unreasonable to conjecture that ice may have had something to do with 
their transport. ISTo ice-maridngs, however, have been observed upon any of the 
stones j nor, when we reflect upon the vast age of this deposit, could these he 
expected to have resisted the long-continued action of percolating water.f Similar 
houlder-beds have been found in Ireland. Professor Dawson records a somewhat 
similar instance in the Lower Silurian of Maimanse, Lake Superior, where a con- 
glomerate occurs with boulders two feet in diameter. Again, in the Upper 
Silurian of Nova Scotia, the same author has detected beds of angular stones and 
chips, “ the materials of which seem precisely similar to that which is at present 
produced by the disintegrating action of frost on hard, and especially schistose 
and jointed rocks.” J 

The conglomerates belonging to the Old Eed Sandstone formation in the north 
of England and in Scotland have appeared to several competent observers closely 
to resemble a consolidated boulder-drift. Among other instances, mention may be 
made of the conglomerates of Kirkby Lonsdale and Sedhurgh.§ My colleague, 
Mr. E. Etheridge, jun., informs mo that in certain localities in Victoria, Aus- 
tralia, he and his colleagues observed a conglomerate which in some places 
reached at least one hundred feet in thiclniess, and which Mr. Selwyn was 
inclined to regard as probably of glacial origin. The latter author says : “ The 
character of the conglomerate beds is such as almost to preclude the supposition 
of their being due to purely aqueous transport and deposition. It is, however, 
very suggestive of the results likely to be produced by marine glacial transport ; 
and tbe mixture of coarse and fine, angular and water- worn material, much of 
which has clearly been derived from distant sources, would also favour this sup- 
position.” || The deposit occurs, Mr. Etheridge informs me, at man 5 " localities 
throughout the colony, with a sHghtly varying matrix. Grooved and scratched 
stones have not been observed, but from similar deposits on the|Lerderderg 
Eiver, Victoria, Mr, Daintree obtained a few grooved stoues.1T Mr. Selwyn 
classed the deposit provisionally as Devonian. Great beds of conglomerate occur 
at tbe bottom of tbe Carboniferous, in various parts of Scotland, which it is diffi- 
cult to believe are other than ancient morainic debris. They are frequently quite 
unstratified, and the stones often show that peculiar blunted form which is so 
characteristic of glacial work. These are confusedly huddled together in a dull, 
tough arenaceous matrix *, and the whole deposit will sometimes continue to exhibit 
these appearances over a wide area. Ever and anon, however, we detect traces 
of water-action ; the stones become more rounded, and are spread out in more or 
less regular layers or beds. The coarse, unstratified portions so closely resemble 
till, that only a practised eye can distinguish the difference at a glance; and 
many geologists who had not previously tried their hammers on the deposit, 
might well mistake it for a post-tertiary glacial accumulation. It is typically 
developed in the Lammermuir Hills district, 'and appears also in Ayrshire, Arran, 

^ BrUish, 

+ 7, iCfeological Survey of Scotland), p. 8. 

t Canadian vol. ii. p. 6 ; and vol. vi. p. 416. 

I The Header for August 12, 1866 ; EUtory of Hie J$U of 3fan (Cumming), p. 86 ; Trans. Geoh 
parts. ' 

physical <&(X)logy and Geography of Yictoria^'p. IQ. 

IT He^art on the Geology of the District of Balian, Victoria, 1866, p. 11. 
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and otlier regions in the west of Scotland. Amongst these conglomerates my 
brother has noticed many striated stones. Erratic bloehs have occurred in cer- 
tain French Carboniferous strata, and Mr. Godwin-Ansten has attributed the 
transport of these to floating ice.* In North America the Carboniferous deposits 
appear also to have yielded what seems to be evidence in the same direction. 
Thus, in Ohio for example, a boulder of quartzite, 17 in. by 12 in. in diameter, 
was found embedded in a seam of coal and overijdng sbale ; and Professor New- 
berry has suggestedf that it may have been transported by ice down some 
ancient Carboniferous river, and so dropt into its present position, where even- 
tually the sediment covered it up. Similar boulders in coal have been met with 
elsewhere in America. Professor DawsonJ also mentions the occurrence, in the 
Lower Carboniferous of Nova Scotia, of angular fragments and chips of various 
hard rocks cemented together, wdiich he thinks may fairly be regarded as evi- 
dence of somewhat intense winter cold, in the same way as the angular debris 
detected by him in the Tipper Silurian of Nova Scotia. jBut he cites a still more 
remarkable example from the coal formation of that colony. This he describes 
as a gigantic esker of Carboniferous age, “on the outside of which large travelled 
boulders were deposited, probably by drift-ice ; while, in the swamps within, the 
coal-flora flourished, and fine mud and coaly matter were accumulated.’^ At the 
meeting of the British Association at Bradford (September, 187S), Mr, Blandford 
described what he took to be evidence of ice-action in certain Carboniferous 
deposits in India. 

Professor Eamsay has given a detailed account § of the occurrence, in Permian 
conglomerate, of blunted and well-scratched stones, which seems conclusively to 
prove the existence of glaciers and icebergs in England at some time during that 
far-distant age. The same author has further suggested that similar accumula- 
tions in Germany, belonging to the Permian, betray like traces of old ice-action. 
Professor Hull has also noticed traces of ice-action in deposits of the same age in 
Ireland.il A boulder deposit, supposed to he of Permian or Jurassic age, occurs 
extensively in Natal. It contains huge erratics, some of which have been trans- 
ported sixty or eighty miles from their parent rocks, aud rest upon a smoothed 
and grooved surface of sandstone.lF 

.The New Bed Sandstone (Triassic) of Devonshire has yielded scattered blocks 
or erratics, which Mr. Godwin- Austen was the first to attribute to the* action of 
floating ice. Mr. Pengelly, however, thinks that the blocks need not have tra- 
velled far, but might have been moved along an ancient shore-line by breakers. 

In the north of Scotland, a coarse boulder conglomerate is associated with the 
Jurassic strata in the east of Sutherland, the possibly glacial origin of which 
long ago suggested itself to Professor Ramsay** and other observers. Recently, 
Mr. Judd has come to the conclusion that the boulders were floated down by ice 
from the highland mountains at the time the Jurassic strata were accumulatmg.ft 
. The Cretaceous formation has likewise yielded what Mr. Godwin- As ten has 
suggestedjj: are ice-borne stones and boulders. These erratics have been detected 
not only in the chalk of England, but also in the Cretaceous strata of the Alps. 
It is possible, however, that some of these may have been carried seawards, 
attached to the roots of drifted trees ; and others, again, may have been floated 
away by some of the larger sea-weeds. But according to Mr. Godwin-Austen, 
with whom Bir 0. Lyell agrees, only coast-ice could have transported the blocks 
and stones got in the w'hite chalk near Croydon. 

In the Eocene strata of Switzerland erratics have been met with, some of them 
angular and others rounded. They often attain a large size ; blocks 10 feet long 
being not uncommon, and one even measured lOo ft. in length, 90 ft. in breadth, 
and 4o ft. in height. Some of the blocks consist of a kind of granite, 'which is 
not known to occur anywhere in the Alps.§§ 

* Quart. Jour. Geol. Soo., Yol. xii. p. 58. i Report Geol. Surv. of Ohio^ 1870, 

i Acadian G&ology, p. 324 ; American naturalist^ vol. vi. p. 416. 

I Quart. Jour. Geol. Soc., vol. si. p. 197 ; Philosophical 3Iagazin6f vol. ssix. p. 290. 

1! Explanation of Sheet 47 (Geol. Surv. of Ireland). 

IT Votin GeoZ. ^oc., vol. ssvi. p, 514 ; sxvii. p. 644. 

** Phil. Mag., vol. ssis. p. 290. Quart. Jour, Gml. 80 c., vol. ssix. p. 195. 

tt Q 2 iart. Jour, Geol, Soo.,Yol. siv. p. 262,* svi. p.327 ; Geologist, 1860, p. 38; Prit, Assoc. Pep,, 
1867, p. 62. 

II Petrifahten und erratische Juralldcke im Flysch (Bachmann). 
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The Miocene of the Moncalieri-Valenza hills, in the north of Italy, has been 
shown hy Professor Gastaldi to contain enormous blocks of Alpine rocks, which 
require ns to call in the agency of floating ice to account for their presence.* 

The Quarternary embraces, of course, the glacial and associated deposits which 
form the subject of this Yolume. 

Now, if we were to judge only from the general aspect presented by their 
organic contents, we should he forced to admit that none of these formations, 
from the Silurian down to the hliocene, afforded any trace whatever of cold or 
glacial conditions. Yet that very cold conditions did" supervene during the con- 
tinuance of some of these formations, seems indisputable. Geologists are stag- 
gered by the appearance of glacial deposits in the Permian — a formation whose 
fossils indicate mild and genial rather than cold climatic conditions. The 
occurrence in the Eocene, also, of huge ice-carried blocks seems incomprehen- 
sible, when the general character of the Eocene fossils is taken into account, for 
these have a somewhat tropical aspect. So likewise the appearance of ice- trans- 
ported blocks in the hOocene is a sore puzzle. The fossils embedded in this 
formation speak to us of tropical and sub-tropical climateshaving prevailed in 
Central Europe ; nay, more, Miocene deposits have been detected in high arctic 
latitudes. Species of sequoia, coniferse, poplar, willow, beech, oak, plane-tree, 
walnut, plum or prunus, buckthorn, Andromeda, Daphnogene, and several other 
evergreens, grew during Miocene times in North Greenland ! Even in Spitz- 
bergen, abundant traces of tbe same kind of vegetation have been preserved. 
Yet it was precisely during the continuance of this period or age that the great 
erratics were carried down from the Alps, and dropped on what was then the 
sea-bottom in the North of Italy. These apparently contradictory appearances 
may, however, be satisfactorily accounted for by inferring a former alternation of 
cold and warm climates, like that which I have tried to show prevailed during 
(Quaternary times. It is singular, to say the least of it, that the beds which con- 
tain those great erratics (Eocene and Miocene) are wonderfully barren of fossils ; 
and there is nothing, therefore, in the palmontological evidence that need cause 
us to hesitate in attributing the presence of the large erratics in the Eocene and 
Miocene to former severe conditions of climate. Indeed, the very fact that ever- 
greens found during Miocene times a congenial habitat in North Greenland and 
Spitzbergen shows, on the principles explained in Chapters viii., ix., and x., that 
the eccentricity of the earth’s orbit had then attained a high value, and that a 
series of genial and glacial climates must consequently have alternated in our 
hemisphere at that time. For the same reason, I see nothing contradictory in 
concluding, with Professor Bamsay, that glaciers existed in England during the 
Permian period, even although the plants and shells, &c., usually met with in 
Permian strata seem to indicate mild climatic conditions. The more characteristic 
Permian conglomerates are unfossiliferous ; so also are those coarse boulder-heds 
belonging to the Carboniferous, the Old Bed Sandstone, and the Lower Silurian. 
It might quite well be that dming the continuance of each and all of those periods 
cold and mild climates alternated. Silurian, Carboniferous, Permian, Oolitic, and 
Cretaceous fossils are obtained in high arctic latitudes, and we should not there- 
fore feel surprised if those formations in our own or analogous latitudes should 
occasionally exhibit traces of severe climatic conditions. 

[In addition to the papers, &c., referred to in the footnotes, the reader should 
consult also Lyell’s Principles of Geology,’’ vol. i. chap. x. and xi. ; and Dr. 
CrolFs ‘‘ Climate and Time,” chap, xviii., in which he will find a fuller digest of 
the evidence bearing[on former glacial epochs than I have been able to make 
room for.] 

* Sugli Elemmti che comjpongono i Conglomerati Miocmi del EkmonU (B. Gastaldi). 





Quaternary Deposits op the British Islands, with some of their EouiyaeenTs in other Countries. 
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HOTE^C. 

List op the Fossil Organic Eemains op the Glacial Deposits op 
Scotland, 

(By Eobert Etheridge, Jim., E.G.S.) 

The succeeding list of fossils of the glacial deposits of Scotland has been prepared 
with a Tiew of demonstrating how far such deposits have proved fossiliferous. 

The list does not pretend to be other than it is : a compilation from the pub- 
lished results of those workers who have devoted much time and energy to the 
elucidation of the subject, a list of whose papers and publications is appended. 

The present compilation does not, perhaps, contain every species recorded from 
the glacial deposits of Scotland; it is hardly possible indeed that it could, for, 
notwithstanding the great strides made of late towards the reconciliation of the 
various names nsed by some of the earlier writers, yet so much doubt exists 
regarding the correctness of some of their determinations, that it is almost impos- 
sible to avoid here and there, either on the one hand an omission, or, on the other, 
a recapitulation, under a different designation, of a previously expressed species. 

It was at first contemplated to arrange the species under the various divisions of 
Till, Boulder-clay, brick-clays, c%c., but for reasons similar to those just expressed 
in regard to species this idea was abandoned, and the present general arrange- 
ment substituted. 

The first column of the list is devoted to the name of the genus and species ; 
the second to the principal localities at which each species has been found, 
together with a few of the better synonyms. 

The terminology of the Mollusca followed is that of Jeffreys’ “ British Con- 
chology.” 

Succeeding the list of fossils will be found a few short notes bearing on the 
principal localities, with the conditions under which the organic remains were 
found. 

List of papers and publications consulted in the compilation of the succeed- 
ing list : — 

1839. Smith, J. On the Last Changes in the relative Levels of Land and Sea 
in the British Islands. Mmis, JFeni. JFat, Msf. Soo., yoI. -vUL part 1. 
pp. 49—107. 

1841. Landshorough, Bev. D. Description of a Newer Pliocene Deposit at 
Stevenston. JProc. Cfeol. Soc,, vol. iii. p. 444. 

1846. Forbes, E. The Fanna and Flora of the British Islands, &c. Jfm. GeoL 
JSurv., vol. i. pp. 406 — 432. 

1850. Cleghorn, J., & J. Smith. On the Till near Wick, in Caithness. Qimrt. 
Jour, Geol. JSoc., vol. vi. p. 385. 

1853. Forbes and Hanley. A History of British Mollusca. 4 vols., 8vo. 
London, 1853. 

1857. Smith, J. A. Horns of Cervics tarandua in Dumbartonshire. JroG, i?. 

Jhys, Soc. JJdin.f vol. i. p. 247. 

1858. Jamieson, T. F. On the Pleistocene Deposits of Aberdeenshire Qiiart, 

Jour, Geol. Soc., vol. xiv. p. 509. 

1862. Smith, J. Eesearches in Newer Pliocene and Post Tertiary Geology. 

Glasgow, 1862, 8vo. 

1863. Jeffreys, J. Gwyn. Notice of an Ancient Sea-Bed and Beach near Fort 

William, luvernesshire. Brit. Assoc. Meport^ 1862, t. s. p. 73. 

Geikie, A. The Glacial Drift of Scotland. Trans. Geol. Boc, Glas., vol. i. 
Appendix. 

Allman, Prof, On a New Fossil Ophiuridan, from 'Post-Pliocene Strata 
of the Valley of the Forth. Froc, M, Boo, JSdm., vol. v. p. 101. 

Walker, E. On the Skeleton of a Seal {Fhoea GircBnlandica ?) and the 
Cranium of a Duck from the Pliocene Beds of Fifeshire. Annals ^ Mag, 
Mat. Mist.f vol. xii. p. 382. 

1864. Walker, E. On Clays containing Fossils near St. Andrews ; with 

Eemarks on some of the latter. Mnnals ^ Mag, Mat* Mist, vol. xiv. 

p. 200. 
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Watson, Boy. Boog. On tlie Great Drift Beds with Shells in the South 
of Arran. Trms, J?. 8oc, JSdin., vol. xxiii. pp. 523— 546. 

1860. Haswell, J, Glacial Clay at Cornton, near Bridge of Allan. Qeol. Magr., 
Yol. ii, p. 182. 

Bryce, J. Order of Succession of the Drift Beds in Arran. Quart Jour, 
GeoL Soc.f xxi. pp. 204—213. 

Crosskey, Bey. H. W. On the TolUm ealcarea bed at Chapelhall, near 
Airdrie. Quart. Jour. Geol. 8oc.,:^oi. xxi. p. 219. 

Jamieson, T. F. History of the last Geological Changes in Scotland. 

Quart, Jour. Geol, Soc.^ yoL xxi. pp. 161 — 203. 

Brown, Bev. T. Glacial Beds at Elie, Fifeshire. Trans, Ji. 8oo. Tdin,, 
YOl. xxiv. p, 617. 

1867. Crosskey, Eev. H. W. Fossils Collected at Windmillcroft. Trans. GeoL 

Soe. Glas,f yoI. iii. p. 115. 

Bennie, J. J3os longtfrons and B. primigenius^ in the Ancient Drift of the 
Clyde. Trans. Geol. Soc. Glas.^ yoI. ii. p. 152. 

Crosskey, Eev. H. W. and D. Eobertson. The Post-Tertiary Fossiliferons 
Beds of Scotland. Trans. Geol. Soc. Glas., vol. ii. (Introduction ; Dal- 
muir), pp. 267 — 282. 

Peach, 0. W. Fossils of the Boulder-clay of Caithness. Troe. Thys. 
Soc. JEdin.j Yol. iii. pp. 38 and 396. 

1868. Howden, J. 0. Superficial Deposits of the South Esk. Trans. Geol. Soc. 

JSdin., vol. i. p. 141. 

Geikie, J. Discovery of Bos primigemus m the Dower Boulder-clay. 
Geol. Mag., vol, v. p. 393. 

Woodward, S. P. Manual of Moliusca. 2nd Edition. London. 1868. 

1869. Mahony, J. A. Organic Eemains found in Clay near Crofthead, Een- 

frewshire. Geol. Mag., vol. vi. pp. 390— -393. 

Dawkins, W. B. Distribution of the British Post-Glacial Mammalia. 

Quart. Jour. Geol. Soc., vol. xxv. p. 192. 

Turner, Prof. On the Bones of a Seal found in Bed Clay near Grange- 
month. Broc. j5, Soc. Bdin., 1869 — 70, p. 105. 

Borman, Eev. A. M. Shetland Final Dredging Eeport, part ii. On the 
Crustacea, Ttinicata, Polyzoa, Echinodermata, Actinozoa, Hydrozoa, 
and Porifera. Brit. Assoc. Beport, 1868, pp. 247 — 336. 

1870. Coutts, J. On the Post-Tertiary Clay-heds at Kilchattan Bay, Isle 

of Bute, 8vo., Glasgow. (A paper read before the Mat. Mist. Soc. 
Glas.) 

1871. Crosskey, Eev. H. W., and D. Eobertson. On the Post-Tertiary Fosail- 

iferous Beds of Scotland — Trans. Geol. Soc. Glas., vol. iii. Cumbrae 
College J LochGilp; Caithness; Lucknow Pit; — ^pp. 113—129. East 
Tarbert; West Tarbert ; Crinan; Duntroon; Old Mains, Eenfrew; 
Paisley — ^pp. 321 — 341. 

Crosskey, Eev. H. W. On Boulder Clay. Trans. Geol. Soc., Glas. vol. iii 
p. 149. 

Young, J., and E. Craig. On the Occurrence of Seeds of Freshwater 
Plants and Arctic Shells, &c., in Beds under the Boulder-clay at Kil- 
maurs. Trans. Geol. Soc. Glas., vol. iii. p. 310. 

Craig, E. Section in Cowdon Glen, &c. Trans. Geol. Soc. Gfe., vol. iv. p. 17. 
Orosskey, Bev, H, W. and D. Eobertson. On the Post-Tertiary Fossiliferons 
Beds of Scotland. Trans. Geol. Soc. Glas., vol. iv. pt. 1. ( Gar vel Park 
Hew Dock, Greenock, pp. 32 — 45.) 

1873. Eobertson, D., and Eev. H. W. Crosskey. On the Post-Tertiary Fossil- 

iferous Beds of Scotland. Trans. Geol. Soc. Glas.^ ^61. iv. pt. 2. (Eil- 
chattaa Tile- work, Bute ; Tangy Glen, near Campbeltown, pp. 1 28—1 37.) 
Smith, Dr. J. A. Botes on the Ancient Cattle of Scotland. Broc. Soc. 
vol. ix. pp. 588— 674. 

1874. Brady, Prof G* S., Eev. H. W. Crosskey, and D. Eobertson. A Monograph 

of the Post-Tertiary Entomostraca of Scotland, &c. Bal. Soc.j -p'^. v 
and 232, pis. 16. 4to., London. 

Eobertson, D., and Eev. H. W. Orosskey. On the Post-Tertiary Fossil- 
iferous Beds of Scotland (Jordanhill Brick-works ; Stobcross ; Fairfield, 
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near Govan; Paisley Canal; Dipple Tile-works). Tram. GeoL Soe. 
Glas,, voL iv. pt. 3. pp. 241—256. 

1875. Jack, K. L. Notes on a Till or BonMer-clay, with. Broken Shells in the 
Lower Yalley of the Biver Bndrick, near Loch Lomond. Trans. Geol. 
Soc. Glas., Tol. V, pt. 1. pp, 1 — 25. 

Kohertson, B., and Bev, H. W. Crosskey. On the Post-Tertiary Fossil- 
iferons Beds of Scotland. (Kyles of Bute.) Trms. Geol. Soe. Glas., 
Tol. V. pt. 1. pp. 29 — 35. 

The compiler has also to acknowledge very material assistance kindly rendered 
hy the following gentlemen : — Messrs. Gwyn Jeffreys, P.R.S., Bavid Robertson, 
F.G.S., H. B. Brady, P.R.S., James Bennie, C. W. Peach, A.L.S., and E. 
Etheridge, E.E.S. 


PLANTS. 

CEYPTOGAMIA. 

Thallogens. 

Diatomacem and Desmidacem. 

In the Cowdon Glen interglacial beds, Renfrewshire, eighteen genera, com- 
prising thirtj’'»one species, of Tiatomacecs, and three genera and species of Besmi* 
dace<Sj have been recorded by Mr. Mahony.'* 

Algales. 

Nullipora (Melobesia) poly- j Caithness, in honlder-clay ; Balmuir ; West 
morpha. Zinn. Tarbert; Paisley; Garvel Park New Bock, 

I Greenock ; Houston Clay-field. 

Corallina officinalis. Zinn. | Paisley. 

Janiaruhens. Zamx. I Paisley. 


Acrogens. 

Mtisci. 

Accompanying the Biatoms of the Cowdon Glen deposit are six genera'fand 
eleven species of Mosses. Further information regarding these will he found in 
Mr. Mahony^s paper previously cited, and also in another hy the same author 
“ On the Botany of the Windmillcroft Beds.”t 

PHANEEOGAMIA. 

Exogens. 

Amongst various remains of Phanerogamous plants recorded from Scotch 
Glacial Beposits the following appear to be the more worthy of notice 

Corylus Avellana. Zum. Roots and stems in the interglacial beds of Cow- 
don Glen, Renfrewshire. 

„ sp. ind. In hrick-clay at Portobelio. 

CratsBgusOxycanthus. Bo. Bo. 

Betula alba. Zinn. Interglacial beds of Cowdon Glen. 

„ sp. ind. In hrick-clay at Portobelio. 

Galium palustre. Zinn. Interglacial beds of Cowdon Glen. 

Hippuris, sp. ind. Kilmaurs, in an interglacial peaty deposit with 

the lemsdns oi Mephas primiffenius. 

Myriophylium spicatum. ^ Ym a 

Zinn. Interglacial beds of Cowdon Glen. 

Pediciilaxis palustris. Zinn. Bo. do. do. 

vohw. p. 391. 



+ Froe* Nat. Hist* Sog* GlcisgoWi vol. i. p. 169. 
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Piaua sylvestris. Zinn. 

Potamogeton lueens. Linn, 
j, sp. ind* 

Qiiercus, sp. ind. 
Bannnoulua aqnatilis. Linn. 
Salix alba. Lim. 

F Scutellaria galericulata. 
Linn. 

Taxus baccata. ^ Linn, 
Vaccinum Hyrtillus, Linn. 


Bark in the interglacial beds of Cowdon G-len ; 

brick-clay at Portobello. 

Interglacial beds of Cowdon Glen. 

Seeds at Kilmanrs, in an interglacial peaty deposit 
with remains of Blephas p^rimigenius^ 

In brick-clay at Portobello. 

Interglacial beds of Cowdon Glen. 

Leaves in the beds of Cowdon Glen. 

Interglacial beds of Cowdon Glen. 

In brick-clay at Portobello. 

Twigs in the Cowdon Glen interglacial beds. 


Endogens. 

Hordeum distichum. A cereal, apparently closely allied to this species, 

was found hy Dr. Howden at Montrose, in a 
hed of peat resting on glacial marine clay 
beneath estuary beds.* 

Scirpus laeustris, Linn. Interglacial beds of Cowdon Glen. 


ANIMALIA. 

INVERTEBEATA. 
Sub-kingdom; PROTOZOA, 

Class: RMzopoda. 

Foraminifera. 


Genus Biloculina. FOr- 
higny. 

B. elongata. F Orb. 


B. depressa. F Orb. 
B. ringens. Lmnh. 


Genus Bolivina. F Orb. 

B. punctata. F Orb, 
Genus Bulimina. F Orb, 
B. marginata. F Orb. 


B. pupoides. F Orb. 


Genus Cassidxjlina. F Orb. 
0. crassa. FOrb. 

0. lavigata, FOrb. 


Dalmuir; Tangy Glen, near Campbeltown, in 
laminated clay overlaid by boulder clay ; Kil- 
maurs ; Jordanhill Brick- work. 

Lochgilp; Duntroon; Kilchattan Tile-work, Bute; 

Kyles of Bute ; Jordanhill Brick- work. 
Caithness, in boulder- clay ; Lochgilp ; Duntroon; 
Paisley; Garvel Park Kew Dock, Greenock; 
Kilchattan Tile- work, Bute ; Tangy Glen, near 
Campbeltown ; Paisley Canal. 

Duntroon; West Tarbert. 

Caithness, in boulder clay ; Lochgilp; Cumbrae 
College; Duntroon; East and West Tarbert; 
Garvel Park New Dock, Greenock; Crinan; 
Kyles of Bute. 

Duntroon; Garvel Park New Dock, Greenock; 
Caithness, in boulder clay; Kilchattan Tile- 
work, Bute. 

Lochgilp; Cumbrae College. 

Caithness, in boulder clay ; Lochgilp ; Kilchat- 
tan Tile-work, Bute ; Tangy Glen. 
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Genus Coenijspiea. Sclmltse, 
C. Miacea, JPhilippi. 


Genus Ceistellapja. Za- 
march. 

G. rotulata. LamJc. 


Genus Pentalina. Z'Orh. 
D. communis. Z^Orh. 


P. guttifera* Z'Orl. 
Genus Piscoebina. Zarher 
^ Jones. 

P. globularis. P’ 07'd. 

P. rosacea. Z'Orb. ^ 
Genus GnoBiGEitiNA. P’ Orb. 
G. buUoides. Z'Orh* 


Genus Lagena. Wallcer 
Jacob. 

L. apiculata. Iteim. 

L. biconica, Bradij, M.S. 
L. caudata. Z' Orb. 

L. distoma. Z. % J. 


L. giobosa. Montg. 


L. gracillima. 8eg. var. 
P. Jeifreysii. Zrady. 

L. Imvis. Montg. 


L. Lyelli. Seguenza. 
L. marginata. Montg, 


Jj. semistriata. Will. 

P. squamosa. Montg. 

P . squamosa, -var bexagona . 
L. striata. Montg. 
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Pocbgilp ; East Tarbert ; Puntroon ; Garyel 
Park New Pock, Greenock ; Tangy Glen, near 
Campbeltown ; AnnocMe, in brick clay. 


Caithness, in boulder clay ; Crinan ; Garvel Park 
New Dock, Greenock ; Kilchattan Tile- work, 
Bute ; Kyles of Bute. 

Caithness, in boulder clay; Cumbrae College; 
Crinan; Puntroon; Old Mains, Eenfrew; 
Garvel Park New Pock, Greenock KEchattan 
Tile-work, Bute; Kyles of Bute; Lewis, in 
laminated beds (-S.P.) 

Puntroon, 


Puntroon ; Tangy Glen, near Campbeltown, in 
laminated clay overlaid by boulder clay ; Stob- 
cross ; Paisley Canal. 

Caithness, in honlder clay ; Lochgilp ; Paisley. 

Caithness, in honlder clay ; Pochgilp ; Puntroon; 
Tangy Glen, near Campbeltown, in laminated 
clay overlaid by boulder clay ; ? Pooh Pomond 
beds, in shelly-boulder clay. 


Garvel Park New Pock, Greenock. 

Pochgilp; Puntroon. 

West Tarbert. 

West Tarbert ; Crinan ; Puntroon ; Paisley ; 
Garvel Park New Pock, Greenock ; Kilchattan 
Tile-wmrk Bute ; Kyles of Bute. 

Caithness, in boulder clay ; Pocbgilp ; Cumbrae 
College ; East Tarbert ; Puntroon ; Old Mains, 
Eenfrew; Paisley; Garvel Park New Pock, 
Greenock; Kilchattan Tile-work, Bute; Tangy 
Glen, near Campbeltown; Kyles of Bute; 
? Loch Lomond beds, in shelly boulder clay. 
Garvel Park New Pock, Greenock ; Tangy glen, 
near Campbeltowm. 

East Tarbert ; Tangy Glen, near Campbeltown ; 

Caithness, in boulder clay. 

Cumbrae College ; West Tarbert ; Crinan ; Pun- 
troon : Old Mains, Eenfrew ; Garvel Park New 
Pock, Greenock ; Kilchattan The- work, Bute ; 
Tangy Glen, near Campbeltown ; Paisley ; 
Kyles of Bute. 

Puntroon. 

Caithness, in boulder clay ; Cumbrae College ; 
Puntroon ; Old Mains, Eenfrew ; Paisley ; 
Tangy Glen, near Campbeltown ; Killchattan 
Tile- work, Bute. 

Caithness, in boulder clay; Lochgilp; .West 
Tarbert ; Old ]\Iams, Eenfrew ; Kyles of Bute. 
Caithness, in boulder clay ; Lochgilp ; Pun- 
troon ; Tangy Glen, near Campbeltown. 
Paisley Canal. 

Cumbrae College; Lochgilp; West Tarbert; 
Puntroon ; Paisley ; Garvel Park New Pock^ 
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L. sulcata. W. # 7. 


Genus Littjola. Lamarch. 
Ij. Canariensis. !>' Orb. 
L. ornata. Brady. 

L. scorpiurus. Montf. 
Genus Nodosaria. Lamar ch. 
"N. hurailis. Baemer. 

raphanus. Linn. 

2?. scalaris. Batsch. 
Genus Nonionina. jyOrb . 
asterizans. B. % M. 


K. depressula. 7F. ^ 7. 


27. turgida. Will. 

K. umbilicatula. Modify. 
Genus Oruulina. L' Orb, 

O. universa. JL Orb. 
Genus Patellin-a. WiU 

liamson. 

P. coiTUgata. Will. 
Genus Plan OREULINA. I)' Or- 

bigny. 

P.Mediterranensis. D’ Orb. 
GenusPoLTMORPHiNA.jD’ Or- 
bigny. 

P. communis. W. 7. 

P. gibba. Jf Orb. 

P. lactea. W. i' 7. 


P. oblonga. Will. 

P. compressa. I>*Orb, 


Genus Poltstomblla. La- 
march. 

P. arctica. P, §*7. 

P. crispa. Linn, 
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Greenock ; Kilcbattan Tile-work, Bute ; Kyles 
of Bute. 

Caitlmess, in boulder clay; Cumbrae College; 
Locbgilp; E. Tarbert; Buntroon; GarvelPark 
Kew Bock, Greenock; Tangy Glen, near Camp- 
beltown ; Kyles of Bute ; ? Lock Lomond Beds, 
in sbelly-boulder clay. Synonym : L. eottata, 
Williamson. 

Stobcross ; Bipple Tile-works. 

Locbgilp. 

Paisley ; Kilcbattan Tile- work, Bute. 

Monreitk, Tile- works, Wigtownsbire (Geol. Snrv.) 

Caithness, in boulder clay. 

Buntroon. 

Caithness, in boulder clay ; Cumbrae College ; 
Tangy Glen, near Campbeltown ; Jordanhill 
Brick- work ; Stobcross ; Bipple Tile-works ; 
Kyles of Bute ; Lewis, in laminated beds (P.P.) ; 
TowncroftFarm, near Grangemouth, in red clay 
with seal hones. 

Caithness, in boulder clay; Balmuir; Crinan; 
Paisley ; Garvel Park Kew Bock ; Kilchattan 
Tile-work, Bute; Tangy Glen, near Camp- 
beltown; Monreith Tile-work, Wigtownshire 
{Geol. Survey) ; Stobcross ; Paisley Canal ; 
Bipple Tile-works ; f Loch Lomond Beds, in 
shelly-boulder clay ; Kyles of Bute ; Lewis, 
in laminated beds (P.P.) 

Locbgilp ; Kilchattan Tile-work, Bute ; Bun- 
troon ; Kyles of Bute ; Houston Clay-held. 

Stobcross. 

J ordanhill Brick- work ; ? Paisley Canal. 


Paisley; Garvel Park Kew Bock, Greenock. 


Caithness, in boulder clay. 


Cumbrae College. 

East Tarbert ; Kyles of Bute. 

Caithness, in boulder clay ; Balmuir ; Locbgilp ; 
Kilchattan Tile-work, Bute ; Tangy Glen ; 
Kyles of Bute. 

East Tarbert ; Kyles of Bute. 

Caithness, in boulder clay ; Balmuir ; Cumbrae 
College; East and West Tarbert; i)untroon; 
Old Mains, Eenfrew ; Paisley ; Garvel Park 
Kew Bock, Greenock; Kilchattan Tile-work, 
Bute ; Tangy Glen, near Campbeltown ; Town- 
croft Farm, near Grangemouth, in red clay 
with seal bones. 


Caithness, in boulder-clay ; East and West Tar- 
bert ; Kilmaurs ; Kyles of Bute. 

Caithness, in boulder clay ; Locbgilp ; West Tar, 




P.striato-pimctata.ifl If. 


Genus PxJLTiKULiNA. ]?arlcer 
Jones. 

?P, Caracalla. Eoemcr. 
Genus QinNauELocuLiNA. 
J5’ Orhigny. 

Q. agglutinans. JJ Orb. 

Q,. "bicornis. W. f J> 

Q. Gualteriana. D'Orh. 

Q. seminuium. Zinn. 


Q. subrotiinda. Montg. 


Genus Potalia. Lamar cl^. 
R. Beccarii. Linn. 


jR. orbicularis. JJ Orb. 

R. Soldarii. L^Orh. 
Genus Spibologulina. 

L)'’ Orhigny. 

S. liinbata. J)’ Orb. 

S. planulata. Lamh. 
Genus Textulabia. JDe- 

frame. 

T. diiformis. Will. 

T. sagittula. Befrance. 

T. variabilis. Will. 
Genus Tbilo GULINA. UOrh. 
T. oblonga. Montg, 


T. tricarinata. B'Orb, 
Genus Tbochammina. Bar ^ 
Jser (fr Jones. 

T. incerta. D'Orh, 
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bert ; Buntroon ; Tangy Glen, near Campbel- 
town, in laminated clay below boulder clar. 
Lewis, in laminated beds {M.B.) 

Caithness, in boulder clay ; Arran ; Balmuir ; 
Lochgilp; Bucklme; Annochie, in brick clay ; 
East and West Tarbert; Crinan; Buntroon; 
Old Mains, Renfrew; Paisley, in laminated 
clay under a true glacial clay ; ISiilcbattan Tile- 
work, Bute; Kyles of Bute ; Tangy Glen, near 
Campbeltown ; Windniillcroft ; Terally Brick- 
work, near Drummore; Monreitb Tile-work, 
Wigtownshire [Geol. Surv,); Jordanliill Brick- 
works ; Stobcross ; Paisley Canal ; Bipple Tile- 
works ; Loch Lomond beds, in shelly -boulder 
clay; Houston Clay-field. 


Caithness, in boulder clay. 


Paisley ; Garvel Park New Bock, Greenock ; 

Kyles of Bute. 

Buntroon. 

Paisley Canal. 

Caithness, in boulder clay; Balmuir; Cumhrae 
College; Lochgilp; East and West Tarbert; 
Buntroon ; Paisley ; Garvel Park New Bock ; 
Kilchattan Tile-work, Bute ; Tangy Glen, near 
Campbeltown, in laminated clajr below boulder 
claj^ ; Windmillcroft ; Kyles of Bute ; Lewis, 
in laminated beds {E.LJ.) ; Jordanbill Brick- 
work ; Stobcross; Paisley Canal ; Bipple Tile- 
works ; Port William ; Houston Clay Pield. 
Caitlmess, in boulder clay; Balmuir; Cumbrae 
College ; Lochgilp ; East Tarbert ; Buntroon ; 
Paisley; Garvel Park New Bock, Greenock; 
Kilchattan Tile-work, Bute ; Tangy Glen, 
near Camj)heltown ; Jordanbill Brick-works ; 
Stobcross ; Paisley Canal ; Bipple Tile-works. 

Caithness, in boulder clay ; Paisley ; Kilchattan 
Tile-work, Bute ; Tangy Glen, near Campbel- 
town ; Arran ; Kyles of Bute. 

Locbgilp. 

Caitlmess, in boulder clay. 


Buntroon. 

Balmuir. 


Caithness, in boulder clay. 

Lochgilp. 

West Tarbert; Buntroon. 

Caithness, in boulder clay ; Lochgilp ; Garvel 
: Park New Bock, Greenock ; near Paisley ; 

Kyles of Bute ; Lewis, in laminated beds (A.P.) 
Garvel Park New Bock, Greenock. 


Caithness, in boulder clay. 
P P 
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T. inflata. Monfg, 

Genas TEtrNCATULiNA.D’^^r^ 
T.io]}atula. W, % J, 


T. refulgens. Montf. 
Genus ITvigebina. D'Orh, 
G. pygmm. D^Orh. 
Genus Vaginulixa. D' Orb. 
Y. legumen, Linn. 

Y. linearis. Montg. 
Genua Yeeneuilina. D’ Orb. 
Y. polystropha. Leim. 


Genus Ciioxa. Grant. 
0. cselata. Grant. 


Genus Geodia. Laynarch. 
G., sp. ind. 

Genus Seoxgilla. Lamarck. 
S. fluviatilis. Fallas. 


Caithness, in boulder clay ; Buntroon ; Stobcross ; 
Dipple Tile- works. 

Caithness, in boulder clay ; Balmuir ; Cumbrae 
College; Locbgilp ; west Tarbert; Crinan; 
Buntroon ; Old Mains, Benfrew ; Paisley ; 
Garvel Park New Bock, Greenock ; Kilcbattan 
Tile-work, Bute ; Tangy Glen, near Campbel- 
town; Fort William; Lewis, in laminated beds 
{F.F.) 

Lewis, in boulder clay {R.E.) 

Kyles of Bute. 

Caithness, in boulder clay; Tangy Glen, near 
Campbeltown. 

Caithness, in boulder clay. 

Garvel Park New Bock, Greenock; Edlchattan 
Tile-work, Bute. 

Sjyongida. 

Caithness, in boulder clay ; Balmuir ; Old Mains, 
Renfrew; Paisley; Garyel Park New Bock; 
Eilohattan Tile-work, Bute ; Lochgilp ; Fort 
William ; Houston Clay -field. 

Caithness (C. W. Feach). 

Interglacial beds at Cowden Glen, Renfrewshire. 


Siil)-Mngdoin: CCELEHTEEATA. 
Class: Actinoza. 

Order: Zoantharia {Z. scle7vde?inatd). 


Genus Sphenoteochtjs. 
Edwards Eahne. 

S. Wrightii. Gosse. 


Old Mains, Renfrew. 


Sub-kingdom: ANNULOIBA. 
Class : Ecbinodermata. 


Genus Hoploastee. 
H. gracilis, Allman. 


Genus Ophiopholis. Muller 
% Troschel. 

0. aculeata. Muller. 


Genus Ophiotheix. Muller 
% Troschel. 

0. fragilis. Muller^ 


OpliiuToidea, 


Coast two miles 'W. of Dunbar, in brick clay; 
Montrose. Sjmonym: 02)hiole2ns gracilis^ All- 
man. 


Balmuir ; Paisley ; Garvel Park New Bock ; the 
remains of this species consist for the most part 
of spines and plates. Synonym: Oplmeoma 
ielUs, Forbes. 


Caithness, spines in boulder clay. Synonym: 
OjghiQcoma rosula^ Forbes. 
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Genus Ophitea. ZmmrcJc. 
0. albida. Farhes. 

0. lacertosa. Tennant,. 


Genus Amphidotus. 
Agassiz, 

A., sp. ind. 

Genus Echinus. Zinnmis, 
E. esculentus. Zinn. 


?E. lividus. Lmnh, 

E. Eorvegicus. 8ars, 

Genus Toxopneustes, 
Agassiz, 

T. Drobacidensis. Miiiier, 


Genus Psolus. Ohn. 

P. phantapus. Zimi, 

Genus Sipunculus. Zmmus. 
S. Bernhardus. Forhes. 


West Tarbert; Duntrooa; Garvel Park Eew 
Dock, Greenock : Kilcbatfcan Tile-work, Bute, 
Garvel Park Eew Dock. Synonym : 0, texfuraia^ 
Eorbes. 

Ecliinoidea, 


Kilcbattan Tile- work, Bute. 

Locbgilp j Garvel Park Eew Dock ; Kilcbattan 
Tile-work, Bute; Houston Clay-field. Syno- 
nj-m : F. Sjphmra^ Muller. 

Langbank (/. Toimg), 

Port 'William. 


Dalmuir; Cumbrae College; Locbgilp; E. & 
"W. Tarbert; Crinan; Duntroon; Old Mains, 
Penfrew; Paisley; Garvel Park New Dock; 
Kilcbatto Tile -work ; Caithness (spines) ; 
Fort 'William. Synonym: Fchimis neghoius^ 
Lamk. 

Eolotlmroidea, 

Houston, near Glasgow, in brick clayi^f^ Bute 
{Frof, GeiUe), 

Caithness ; Dalmuir, remains in Trophon datJira- 
ius ; Garvel Park New Dock, Greenock. 


Genus H/Emopis. Savigmj, 
H. sanguisorba. 


Genus Filigeana. Zerlieley. 

F. implexa. Berlceley. 
GenusPECTiNAEiA. ZamarcTc. 
? P., sp. ind. 

Genus Serpula. Zinnceus. 
S. triquetra. Martin. 

S. vermicularis. Zinn, 


Genus Spiroebis. Zmnarclc. 
S. carinatus. FUm. 

S. corrugatus. Montg. 

S. granulatus. Montg, 


Sub-kingdom: AMITLOSA. 
Class : Annelida. 

Hirudinea, 


Jaws and teeth of the “Horse Leech ” have been 
detected in the interglacial beds at Cowdoa 
Glen, Benfrewsbire {Mahony). 

Tubicola, 

Garvel Park New Dock, Greenock. 

Caithness, in boulder clay {O. W. Feacli), 

Dalmuir ; Stevenston {Zandsborongli., fide Smith ) ; 
Locbgilp. 

Caithness, in boulder clay ; Dalmuir ; Locbgilp ; 
West Tarbert ; Garvel Park New Dock ; Kil- 
cbattan Tile- work, Bute ; Jordanbill Brick- 
works ; Fort William ; Houston Clay-field. 

Paisley ; Houston Clay-field. 

Bute {Smith), 

Caithness, in boulder clay. 


* Owen, Falmontologyi 1861, p. 41. 
P P 2 
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S. nantiloMes. Zanu Dalmuir; Stevenston fide 

Synonym: Serpida spirorhis. JAii. 

S. spirilliiiQ. Linn, East Tarbert ; Duntroon ; Paisley ; GarTel Park 

Kew Dock, Grreenock ; Arran ; Jordanbill 
Brick-works. 

Class: Crustacea, 

Cirriimlia, 

Paisley; Win dmilloroft; Dalmnir Lewis, 

in boulder clay 
Kyles of Bute (B. % C.) 

Aberdeenshire {Jamieson^ fide Smith). 

Caithness, in boulder clay ; Dalmuir ; Paisley ; 
Cumbrae College; East and West Tarbert; 
Crinan; Old Slains, Kenfrew; Garvel Park 
Kew Dock, Greenock ; Kilchattan Tile-work, 
Bute; Dimtroon; Arran; Jordanbiil Brick- 
work ; Stobcross ; Fairfield ; Paisley Canal : 
Dipple Tile- works ; Fort William ; Kyles of 
Bute; Houston Clay-field. 

Lochgilp; Old Mains, Kenfrew; Garvel Park 
Kew Dock, Greenock; Kyles of Bute; this is 
the prevailing Cirripede at IJddevalla. ? ftsyao- 
nym : B. iiddevalensis, Linn. 

Caithness, in boulder clay ; Dalmuir ; Cumbrae 
College; Lochgilp; West Tarbert ; Crinan ; 
Old Mains, Kenfrew; Duntroon; Paisley, 
attached to large boulders ; Garvel Park New 
Dock, Greenock ; Kilchattan Tile-work, Bute ; 
Kyles of Bute , Fort William ; Elio and Errol, 
Fife ; Houston Clay-field. Synonyms : B. 
Scoticiis (Brown) ; Costatus (Smith, 
searcheSf p. 48). 

Caithness, in boulder clay; Dalmuir; Cumbrae 
College; Lochgilp; West Tarbert; Crinan; 
Duntroon ; Old Mains, Kenfrew ; Paisley ; 
Garvel Park, New Dock; Kilchattan Tile-work, 
Bute; Tangy Glen, near Campbeltown ; Kyles 
of Bute ; Fort AVilliam ; Houston Clay-field. 
Synonym : Creusia ‘vernica (Lam.) 

Ostraeoda. 

Genus Augilljecu. G. 0. . 

Sctrs. 

A, cylindrica. G. 0. Sars. Duntroon ; Cartsdyke ; Paisley ; Dalmuir ; Dum- 
barton ; Garvel Park New Dock ; Kilchattan 
Tile- work, Bute. 

Genus Astekopb. BhiUppi. 

A. teres. JS^onnan. Jordanhill. 

Genus Bosoxietia. Bradp, 

Crosshejj, ^ Rohertson, 

B. robusta. B. C. M. Paisley. 

Genus Btthoctteebe. G. 

0. Bars. ' , 

B/constricta. dr. 0. Tangy Burn; Duntroon ; Dumbarton ; Govan. 
B. simplex. Bforman. Duntroon ; Lochgilp ; AVest Tarbert ; Cartsdyke; 

Paisley ; Dalmuir ; Govan ; Jordanhill ; Garvel 
Park, New Dock. 


Genus Balaxus. Lister, 
B. balanoides. Linn. 

B. cariosus. Baricm. 
B, concaves. Bronn. ■ 
B. crenatus. Brug. 


B. Hameri. Ascmikis. 


B. porcatus. Da Costa. 


QmmYmNTGJCk.ScJmmacTier. 
Y. Strdmia. Muller. 
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Genus Caxdoxa. IBaird, 

C. albicans. Brady, 

C. lactea. ' Baird. 

Genus Cyphis. MilUer, 

C. cinerea. Brady, 

C. compressa. Baird, 

C. gibba. Bamdohr, 

C. Iffivis- MiilUr, 

0. ovum. Jurine, 

0. salina. Brady, 

0. virens. Jurine. 

Genus Cythere. MiHUr. 

C. albomaculata. Baird. 
C. angulata. G. 0. Sars. 


C. casknea. G. 0. 8(trs. 

C. Cluthge. B, C, % B. 
C. concinna. Jones, 


C. conyexa. Baird, 

C. costata. Brady, 

C. crispata. Brady. 

0. deflexa. B. C. cj* It. 

(J, Dunelmensis, Borman. 


C. emarginata. G. 0. Sa?'s 
G. Einmarcbica. G.O. Surs 
0. globulifera. Brady. 

C. limicola. Borman, 


C. Logani. B. ^ C. 
G. lutea. Midler. 


C. Macallana. B. # B. 


Croftbead (Cowdon Glen). 

Groftliead (Cowdon Glen). 

Croftbead (Cowdon Glen). 

Dipple. 

Croftbead (Cowdon Glen) ; Bipple ; Terally 
Brick-works. 

Bipple. 

Bipple Tile- works. 

Croltbead (Cowdon Glen). 

Croftbead (Cowdon Glen). 

Cumbrae ; West Tarbert ; Bipple. 

Paisley ; Old Mains, Eenfrew ; Balmuir ; Bum- 
barton.; lucblonaig; Garyel Park New Bock, 
Greenock ; Cumbrae College ; Kilcbattan Tile- 
work; Kyles of Bute; East and West Tar- 
bert ; Locbgilp ; Crinan ; Bumbarton : Bipple 
Tile-works. 

Tangy Burn ; Buntroon ; Kilcbattan Tile-work ; 
Bipple Tile-work; Cumbrae College; Bum- 
barton ; Paisley ; Balmuir ; Old Mains, Een- 
frew ; Eairfield, near Govan ; East Tarbert. 
Cumbrae; Cartsdykej Govan; Arran; Garvei 
Park New Bock; Kilcbattan Tile- work, Bute. 
Paisley Canal; Stobcross; Jordanbill; Govan; 
Old Mains, Eenfrew ; Balmuir ; Crinan ; Bun- 
troon ; Elie ; Errol ; Fort William ; Bryleys ; 
Bipple Tile- works ; ‘Bumbarton ; Inchlonaig ; 
Garvei Park New Bock, Greenock; Cumbrae 
College ; Kilchatan Tile-wm'k, Bute ; Kyles of 
Bute ; East and West Tarbert ; Locbgilp ; 
Arran ; Houston Clay-field. 

Cumbrae College ; Locbgilp ; Errol. 

Paisley. 

Cumbrae College ; Paisley. 

Jordanbill. 

Paisley Canal ; Stobcross; Jordanbill; Old Mains, 
Eenfrew; Bumbarton; Incbloiiaig; Buntroon; 
Errol; Elie; Bryleys; Barry; Govan; Bal- 
muir; Kilcbattan Tile- work, Bute ; Kyles of 
Bute; West Tarbert; Locbgilp ; Wick; Arrau; 
King-Edward; Clasbmahew Tile-work; An- 
nochie. 

Barrie ; Elie ; Errol ; Arran ; East Tarbert. 
Gamrie ; Wick ; Locbgilp. 

Paisley ; Govan ; Barry ; Elie ; Bryleys ; Anno- 
cbie ; Errol. 

Buntroon; K^des of Bute ; Kilcbattan Tile-work, 
Bute ; Cumbrae College ; Dumbarton ; Carts- 
dyke ; Inchlonaig ; Tangy Burn ; Terally 
Brick- work; Garvei Park New Bock; Gamrie, 
Elie. 

Paisley Canal; Jordanbill; Old Mains, Eenfrew; 
Balmuir; Dumbarton; Inchlonaig; Garvei 
Park New Bock, Greenock; Cumbrae College; 
Kilcbattan Tile-work, Bute ; Kyles of Bute ; 
East and West Tarbert ; Locbgilp ; Wick ; 
Crinan ; Buntroon ; Fort William ; Bipple Tile- 
work ; Errol ; Gamrie ; Clasbmabew Tile-work. 
Kilcbattan ; Cumbrae. 
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0. mirabilis. JBradtf. 
0. pellncida. JBaird, 


C, porcellanea. Brady. 


0. pulch.ella. Brady. 

0. quadridentata. Baird. 
G. Bobertsoni. Brady. 

0. tenera. Brady. 

0. tubercTilata. 6r. 0. Bars. 


C. villosa. a, 0. Bars. 


0. Tiridis. Miiller. 


Crenus Cttheeidea. Bos^ 
quet. 

0. ? inomata. B. C. % B. 
0. lacustris. G. 0 Bars. 
Q. papillosa. Bosquet. 


C. pnnctillata. Brady. 


0. Sorbyana, Joms. 

0. torosa. lanes. 

Genus Cytheeibeis. T. B. 
Jones. 

0. subspiralis. B. C. % B. 


Bairie; Elie; Dryleys ; Errol; ‘Wick. 

Paisley ; Stobcross ; Jordanliill ; Old s Mains, 
Benfrew ; Balmuir ; Incblonaig ; Garvel Park 
New Bock ; Kyles of Bute ; East and West 
Tarbert; Locbgilp ; Arran; Gamrie; Paisley 
Canal. 

Kilcbattan Tile-work ; Cunibrae College ; Garts- 
dyke; Balmuir; West Tarbert; Garvel Park 
New Dock. 

Buntroon ; Locbgilp ; Kilcbattan Tile-work, 
Bute ; Dumbarton ; Bippie Tile-work. 
Locbgilp. 

Locbgilp. 

Wick ; Dipple, &c. 

Paisley ; Old Mains, Benfrew ; Balmuir ; Bum- 
barton ; Incblonaig ; Garvel Park, New Bock ; 
Cumbrae College; Kilcbattan Tile-work, Bute; 
Kyles of Bute ; East and West Tarbert ; Locb- 
gilp, &c. ; Gamrie ; Annocbie ; King-Edward ; 
Wick; Errol; Crinan; Buntroon; Bippie Tile- 
works. 

Paisley Canal; Stobcross; Jordanbill; Govan; 
Old Mains, Benfrew ; Balmuir ; Dumbarton ; 
Incblonaig; Garvel Park New Bock; Cum- 
brae College ; Kilcbattan Tile-work ; Kyles of 
Bute; East and West Tarbert; Locbgilp; 
Crinan; Errol; Buntroon; Barry; Gam- 
rie ; Clasbmabew Tile - work ; Bippie Tile- 
work. 

Paisley Canal ; Stobcross ; J ordanbill ; Govan ; 
Old Mains, Benfrew; Balmuir; Bumbarton; 
Incblonaig; Garvel Park New Bock ; Cumbrae 
College; Kilcbattan Tile- work ; Kyles of Bute; 
East and West Tarbert; Locbgilp; Wick; 
Buntroon; Errol. ^ 


Annocbie. 

Croftbead ; Bippie Tile- work. 

Paisley ; Stobcross ; Jordanbill ; Old Mains, 
Benfrew ; Bumbarton ; Incblonaig ; Garvel 
Park New Bock ; Cumbrae College ; Kilcbat- 
tan ; Kyles of Bute ; East and West Tarbert ; 
Locbgilp ; Wick ; Arran ; Buntroon ; Bippie 
Tile-work ; Elie ; Errol ; Gamrie ; King-Ed- 
ward ; Terally Brick-works. 

Paisley; Stobcross; Jordanbill; Govan; Old 
Mains, Benfrew; Balmuir; Bumbarton; Incb- 
lonaig ; Garvel Park New Bock ; Cumbrae 
College ; Kilcbattan Tile- work, Bute ; Kyles 
of Bute ; East and West Tarbert ; Locbgilp ; 
Wick ; Arran ; King-Edward ; Crinan ; Elie ; 
Buntroon ; Port William ; Terally Brick- work ; 
Clasbmabew Tile-works ; Port Logan Cliffs ; 
Bippie Tile-works ; Errol ; Brylevs ; Barry ; 
Houston Clay.field. ^ 

Elie; Dryleys; Errol; King Edward; Tangy 
Burn. 

Croftbead (Oowdon Glen). 


Wick. 
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Crernis Ctthekopterox, 6-'. 
0. Bars. 

C. angalatum. ^ U. 


0. arcnatmn. B. C. B. 

C. inflectum. B. C. ^ B. 
0. latissimum. Mrman. 


C. Montrosiense. 0. B. 

# i2. 

C. nodosum. Bradij. 


C. rectum. Brady, 

Genus Ctthebuea. G. 0. 
Bars. 

0. cellulosa. JSforman. 

0. clatlirata. G, 0. Bars. 


C. ? complanta. B. C.^'B. 
C. compressa. B. 0. 4' B. 
C. conceutrica. B. C. ^ B. 
0. cuneata. Brady. 

C. flavescens. Brady. 

C. gibba. Muller. 

C. nigrescens. Baird. 


0. pumila. B. C. % B. 
C. Sarsii. Brady. 


C. similis. G. 0. Bars. 


Q. striata. G. 0. Bars. 


C. uudata. G. 0. Bars. 


Duntroon ; ^ Crinau ; West Tarbert ; Kyles of 
Bute ; Kilcbattau Tile-work ; Cumbrae Col- 
lege ; Dumbarton ; Dalmuir; Incblonaxg ; Gar- 
vel Park K ew Dock ; Fort William. 

Tangy Burn, near Campbeltown; Elie; Dry- 
leys; Errol. 

Errol ; Dryleys. 

Paisley ; Windmillcroft ; Jordanbill; GoTan; 
Old Mains, Renfrew ; Dalmuir ; Dumbarton ; 
Incblonaig ; Garvel Park Kew Dock ; Cumbrae 
College ; Kilchattan Tile- work ; Kyles of Bute; 
East and W'est Tarbert ; Wick ; Elie ; Errol ; 
Duntroon ; Fort William ; Crinan : Dryleys ; 
Barry ; Gamrie ; Annocbie. 

Tangy Bum; Go van; Barrie; Elie; Dryleys; 

Errol; Annocbie; King-Edward. 

Duntroon ; Crinan ; Kyles of Bute ; Cumbrae 
College ; Cartsdyke ; Dalmuir ; Old ' Mains, 
Renfrew; Errol; Arran; Garvel Park New 
Dock. 

Croftbead. 


Gamrie; Duntroon; West Tarbert. 

Tangy Burn, near Campbeltown ; Crinan ; Dun- 
troon ; Lochgilp ; Cumbrae College ; Dum- 
barton ; Cartsdyke ; Paisley ; Dalmuir ; Old 
Mains, Renfrew; Inchlonaig; East Tarbert; 
Garvel Park Ffew Dock ; Gamrie. 

Annocbie. 

Gamrie. 

Paisley; Barry; Elie; Dryleys; Errol. 

West Tarbert. 

Kyles of Bute. 

West Tarbert; Docbgilp; Port William; Errol. 
Stobcross; Jordanbill; Go van ; Paisley Canal; 
Old Mains, Renfrew; Dalmuir; Dumbarton; 
Incblonaig; Cumbrae College; Kilchattan Tile- 
work; Kyles of Bute; East and West Tar- 
bert; Arran; Duntroon; Dipple Tile- work; 
Elie. 

Duntroon ; Cartsdyke ; Garvel Park Kew Dock. 
Duntroon ; Lochgilp ; Kyles of Bute ; Cumbrae 
College; Cartsdyke; Paisley; Dalmuir; Barry; 
Gamrie; Garvel Park Kew Dock; East Tar- 
bert. 

Duntroon ; Lochgilp ; Kyles of Bute ; Kilcbat- 
tan ; Cumbrae ; Dumbarton ; Cartsdye ; Dal- 
muir ; Barry ; Garvel Park Kew Dock ; East 
Tarbert. 

Lochgilp; West Tarbert; Kyles of Bute; Cum- 
brae College ; Cartsdyke ; Garvel Park New 
Dock. 

Paisley Canal; Jordanbill; Govan; Old Mains, 
Renfrew; Dalmuir; Dumbarton; Incblonaig; 
Garvel Park New Dock ; Cumbrae College ; 
Kilchattan Tile- work ; Kyles of Bute ; East 
and West Tarbert ; Wick ; Arran ; Lochgilp ; 
Crinan: Duntroon; Terally Brick -works; 
Gamrie. 
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Grenus EucyTHBEis. Brady, 
E. argus. G, 0, San, 


Genus Erithe. B. Q, ^ B, 
K. Bartonensis. Jones. 

K. glacialis. B. C. ^ li. 
Genus Limnictthere. 

Brady, 

L. ? antiquata. B, <7. ^ i?. 

L. inopinata. Baird. 
Genus Loxoconcha. G. 0. 
Bars, 

Jj. elliptica. Brady. 

L. fragilis. G. 0. Bars, 
L. impreasa. Baird. 

L. taniarindus. Jones. 


Genua PARAnoxosToaiA. 
Bischer. 

B. abbreyiatum. G. 0. 
Bars. 

P. ensiforme. Brady. 

P. flexuosura. Brady. 

P. Piscberi. G. 0. Bars. 

P. tenerum. B. 0. B. 

P. Tariabile. Baird. 


Genus Poltcope. G. 0. Bars. 
P. orbicularis. G. 0. Bars. 


Genus Pontocypris. 6*. 0 . 
Bars. 

P. mytiloides. Uo7'man. 

P. trigonella. G. 0. Bars. 

Genus Potamocypris. 
Brady. 

P. fulva. Brady. 

Genus PsEunocYTiiERB. 

G. 0. Bars. 

P. caudata. G. 0. Sa^'s. 
Genua Scleroghilus. G. 
0. Bars. 

S. contortus. jSforman. 


Duntroon ; Locbgilp ; Kyles of Bute ; Kilcbattam 
Tile- work ; Oumbrae College ; Dumbarton ; 
Cartsdyke ; Paisley ; Dalmuir ; Old Mains ; 
Elie, &c. 

Crinan; Duntroon; Elie. 

Errol. 


Croftbead ; Bipple Tile-works ; Terally Brick- 
works. 

Croftbead ; Dipple Tile-works. 


Govan. 

Cartsdyke ; Paisley : Garvel Park Kew Dock. 
Duntroon ; Crinan ; West Tarbert ; C umbrae 
College; Wick; Gamrie. 

Paisley ; Dalmuir ; Dumbarton ; Incblonaig ; 
Garvel Park New Dock ; C umbrae College ; 
Kilcbattan Tile-work ; Kyles of Bute ; West 
Tarbert ; Locbgilp ; Elie ; Crinan ; Duntroon ; 
Clasbmabew Tile- works ; Dipple Tile-works. 


Locbgilp. 

Kyles of Bute. 

Locbgilp. 

Locbgilp; Cartsdyke; West Tarbert; Garvel 
Park New Dock. 

Dumbarton; Cartsdyke; Dalmuir; Garvel Park 
New Dock. 

Tangy Burn; Duntroon; Locbgilp; Kyles of 
Bute; Cumbrae College ; Dumbarton ; Carts- 
dyke ; Paisley ; Govan ; East Tarbert ; Garvel 
Park New Dock. 

Duntroon ; Dumbarton ; Paisley ; Cartsdyke ; 
Old Mains, Eenfrew ; Govan ; Dalmuir ; Gar- 
vel Park New Dock. 


Dumbarton; Cartsdyke; Paisley; Dipple; Gar- 
vel Park New Dock, 

Locbgilp ; Paisley ; Cartsdyke ; Dipple ; Garvel 
Park New Dock ; Duntroon. 


Dalmuir; Croftbead (Cowdon Glen). 


Dalmuir'; East Tarbert. 


Paisley; Windmillcroft; Jordanbill; Govan; Old 
Mains, Eenfrew ; Dalmuir ; Dumbarton ; Gar- 
vel Park New Dock ; Cumbrae College ; Kyles 
of Bute ; East and West Tarbert ; Tangy 
Burn.; Lochgilp; Crinan; Duntroon; Port 
William ; Elie ; Errol ; Dryleys ; Gamrie, 
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Genus Xestolebeeis. G. 

0. Sars, 

X. aurantia. Baird, Loctgilp. 

X. depressa. G. 0. Sars, Loctigilp ; Paisley ; Wick ; West Tarkeri'. 


Genus CAncmis. Zeaeh, 
? C- msenas. Zinn, 


Decapoda. 


? C. msenas- Zinn, Bridge of Johnstone, near Paisley (fragments of 

the carapace, &c., Zrof. GeiMe ) ; Ohan {Zrof, 
Geilde), 

Genus Pagxjuijs. Fahrkius. 

P. Bernliardus. Zinn, Dalmuir (fragments) ; Cumbrae College (a claw) 


SxLb-kingdom; MOLLUSCA. 


Section: MOLLTJSOOIDA. 


Genus Cabeeea. Z'Orhigni/, 
C. EUisii. Flem. 

Genus Oanba. Zmnouroux. 

C. reptans. Zinn, 

Genus OEULESo-BJL.Falricius. 

C. pumicosa. Zinn. 
Genus Oellulahia. Fallas. 

G, scruposa. Zinn, 

Genus Crisia. Zamotiroux, 
C. denticulata. Zamic, 

G, eburnea. Zinn. 


GenusDiscopoRELLA.D’ Orb. 
B. Grignoniensis. Busic. 

B. hispida. Fleming . 
Genus Fltjstra. Zinnmis. 

F. avicularia. Mont. 
Genus Hippothoa. Zamou- 
roux. 

H. catenularia. Jamieson. 

H. divaricata. Zamx. 
Genus Idmonea. Zamonroux. 

I. fenestrata. Busl^. 
Genus Lepralia. Johnston, 

L. annulata. Fabr. 

L. concinna. Busk, 

L, cruenta- JSforman, 

Ii. crystallina. Norman. 
L. hyalina. Zinn. 

L. Peachii. Johnston. 

L. PeacMi var labiosa. 
Johnston, 

L. pertusa. Fsper. 

L. simplex. Johnston. 

L. tubulosa. Norman. 

L. unicornis. Johnston. 

L. ventricosa. Mass. 


Class: Polyzoa. 

Garvel Park Xew Bock, Greenock. 

Buntroon; Paisley; Houston Clay-field. 

Caithness, in boulder clay. 

West Tarbert. 

Caithness, in boulder clay. 

Balmuir; Lochgilp; Orinan; Buntroon; Pais- 
ley ; Garvel Park Hew Bock ; Kilchattan 
Tile-work, Bute; Tangy Glen, near Camp- 
beltown ; Stobcross. 

Balmuir ; Buntroon ; Houston Clay-field. A 
Crag form. 

Paisley, * 

Buntroon. 


Caithness, in boulder clay; Balmuir ; Buntroon. 
Caithness, in boulder clay, 

Garvel Park New Bock, Greenock. 

Bo. do. do. 

Garvel Park New Bock, Greenock ; Lochgilp. 
Garvel Park New Bock, Greenock. 

Bo. do. do. 

Bo. do. do. 

Caithness, in boulder day; Cumbrae College 
Lochgilp ; Balmuir ; Garvel Park New Bock. 

Caithness, in boulder clay. 

Balmuir. 

Caithness, in boulder clay. 

Garvel Park New Bock, Greenock. 

Caithness, in boulder clay ; Balmuir, with the 
central mucro preserved {Grosskeg ^ Mohertaon). 
Fort William. 
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I/, verrucosa. Usper. 

Genus Membhanipoea. 
Blaimille. 

M. craticula. Alder, 

M. Fiemingii. Busk. 

M. unicornis. Bleminp. 
M., sp. ind. 

Genus SAi-icoENAKiA.G^t’itfr. 

S. , sp. ind. 

Genus Tubxjlipoha. Xa- 
marck. 

T. flabellaris. Fahr, 

T. liispida. Fleming. 

T. patina. Linn. 

T. phalangea. Conch. 

T. serpens. Linn, 

? T. verrucaria. M. Edw, 


Genus Ehynchonella. 
Fischer, 

K. (Terebratula) psittacea. 
Linn. 

GenusTEEEBUATXJLA.X/itfjyc?. 
T. caput-serpentis. Linn, 


Dalmuir; Duntroon; Garvel Park l^ew Dock, 
Greenock. 


Paisley. 

Lochgiip ; Garvel Park Isfe-w Dock, Greenock ; 

Stobcross ; Houston Olay-field. 

Paisley ; Dalmuir ; Duntroon. 

Caithness, in boulder clay {0, W. Fmch). 

Caithness, in boulder clay (C. W* Feaeh). Lewis, 
in laminated beds (E.E.) 


Dalmuir. 

Dalmuir; Caithness, in boulder clay. 

Garvel Park New Dock, Greenock. 

Dalmuir; Duntroon. 

Dalmuir. 

Largs {Lcmdsborotigh, fide Forbes). This is pro- 
bably a synonym of T. phalangea^ Couch. 

Class: BracMopoda, 


Ayrshire {Forbes) Caithness {C, JF. Beach). 


Ayrshire {Smith) .f 


Section : MOLLDSOA PEOPEE. 


Class : LamellibrancMata. 


Genus Anomia. Linnceus, 
A. ephippium. Linn. 


A.ephippium var aculeata. 
Linn, 


A. ephippium var squa- 
miia. Linn, 

A. patelliformis. Linn, 


Genus Osthea* Linnmus. 
0. edulis. Linn, 


Monomyaria, 

Caithness, in boulder clay ; Dalmuir ; Lueknow 
Pit, Ayrshire ; Paisley ; Lochgiip ; Garvel 
Park, New Dock, Greenock; West Tarhert; 
Duntroon ; Old Mains, Eenfrew ; Kilchattan 
Tile-work, Bute ; Gamrie ; Ctimbrae College ; 
Jordanhill Brick- work; Partick; Paisley Canal; 
Kyles of Bute ; Gartness, in gravel ; Houston 
Clay-field. 

Dalmuir; Lochgiip; Paisley; Stevenston ; 
Cumhrae College; Garvel Park New Dock, 
Greenock ; Kilchattan {Jamieson) ; Kyles of 
Bute. 

Paisley; Caithness, in boulder clay; Lochgiip; 
Garvel Park New Dock, Greenock; Port 
William. 

Stevenston {Smith) ; a Tertiary fossil of the Clyde 
Beds {Jeffreys) ; Port William; Synonym: A. 
undidataj Gmelin. 

Lucknow Pit, Ayrshire ; Kyles of Bute {Frof, 
Geikie) ; Gourock {Brof. Geihie) ; Oornton 
{ECaswell) ; Caithness {Beach), [Messrs. Eobert- 


* Mtms, Geol. Surviy, vol. i. p. 406. 


T Besearches, p. 55. 
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(jenus Pegten*. Minp. 

P* Groenlaadicus. 8oih\ 


P. Islandicus. Milller* 


P. maximas. Linn, 


P. opercalaris. Linn, 


P. pasio. Linn, 

P. septemradiatus. Muller, 


P. similis. Laslcey, 
P. tigrinas. Muller, 
P. varias. Linn, 


Genas Aetemis. LolL 
A. laevigata. Forhes, 
Genas Astabtb. G-. Sowerhy. 
A. borealis. Chem, 


A.borealis Tar semisalcata. 
Leach, 

A. compressa. Monty, 


son and Crosskey have failed to discover tHs 
species in any of tbe older glacial beds of 
the Clyde. They state that at the Kyles of 
Bute it occurs in a bed resting on the true 
glacial shell bed, bat not in the latter.] 

Elie; Errol; Tangy Glen, near Campbeltown; 
Montrose, at a depth of fi.om 30 to 40 feet below 
tbe surface. SynonjTn: Fmtreiis, Gray [non 
Chem.] 

Dalmair ; Cumbrae College ; Paisley ; West Tar- 
bert; Buntroon; Old Mains, Kenfrew ; Kil- 
chattan Tile-work, Bate; Kyles of Bate, in 
mill and often covered with large Balani ; Inch- 
lonaig; Garvel Park Kew Bock, Greenock; 
Caithness, in boulder clay ; Port William ; 
Kilmaurs (/. Young) ; Belhelvie ; Eilishill ; 
Arran ; Langbank ; Locbgilp ; Gartness, in 
gravel; Lewis, in laminated beds {M,K) ; 
Houston Clay-field. 

Kyles of Bate (Pro/. GeiJde), Pairlie (Pro/. GeU 
kie) ; Caithness, in boulder clay ; Garvel Park 
Kew Bock, Greenock ; Port William. [Messrs. 
Eobertson & Crosskey state that at the Kyles of 
Bute this species occurs in a bed resting on the 
true glacial shell bed, bat not in the latter.]. 

Caitliness, in boulder clay ; Lucknow Pit, ^Ayr- 
shire ; Kyles of Bute (Pro/. GeiMe) ; Arran ; 
Cruden {Jamieson), 

Balmuir {Smith). Synonym : P. simiosus, Turton. 

Loch Lomond Beds {Smith) ; Clyde deposits 
{Jeffreys) ; Fort William {Jeffreys) ; Synonym : 
P. FanicuSf Chem. 

Fifeshire {Fleniiny^ fide Smith). A Coralline Crag 
fossil {S. Wood). 

Loch Lomond Beds {Smith), Synon^TU : P. ohso- 
letus. Pennant. 

Balmuir {Smith), 

Pimyaria. 

Stevenston {Landsborough), 

Caithness, in boulder clay ; Arran ; Balmuir ; 
Lucknow Pit, Ayrshire ; Crinan ; Stevenston 
{Landsborough) ; Gamrie; Kyles of Bute; Loch- 
gilp ; Gourock (Pro/. Geikie) ; Errol ; Holy 
Loch {Frof. Geikie) ; a true arctic form. Syn- 
onyms : A. arctica ; A, islandica. 

Bute ; Wick {Smith). Synon;yTXL ; Orassina 
Witliami^ Smith. 

Caithness, in boulder clay; Arran, Balmuir; 
LochgUp ; Gourock ; West Tarbert ; Bun- 
troon; Old Mains, Eenfrew; Garvel Park 
Kew Bock, Greenock ; Kilchattan Tile- works, 
Bute ; Kyles of Bute ; Oroffcamie, in blue clay; 
Gamrie ; Elie ; Paisley ; Stevenston {Lands- 
borough). Loch Lomond Beds, in shelly-boulder 
clay ; Gartness, in gravel ; Houston Clay- 
field. Synonyms : A. propinqua, Landsbo- 
rough; A, multicostatay Smith; A, Lfddeval- 
lensiSf Smith. 
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A. compressa Tar globosa. 
Muller. 

A. ■compressa Tar striata. 
Muller. 

A. depressa. Brown, 

A. sulcata. I>a Costa. 


A. sulcata Tar elliptica. 
Broion. 


A.' sulcata Tar Daumo- 
niensis. 

A. sulcata var Scotica, M. 
# JS. 

A. triangularis. Montg. 
Genus Axinxjs. X JSowerhg. 
A. ferruginosus. Forhes. 

A. flexuosus. Montg. 


A. flexuosus Tar Gouldii. 
BUI. 

A. flexuosus Tar Sarsii. 
BUI. 

Genus Caubium. Limmts. 
G. aculeatum, Bvm, 

0. ecMnatum. Zmn. 


G. edule. Zinn. 


0. exiguura. Gmelin. 


C. fasciatum. Montg. 


C. Groenlandicum. Chem. 
C. minimum. BMl. 

C. Norvegicum. Bgengler. 


Paisley ; Garvel Park Kew Dock, Greenock. 

Paisley ; Port Williain ; Arran ; Lewis in boulder- 
clay (E.B.). 

Dalmuir and Bute Lewis (B. -S'.). An 

arctic form. Synonym ; A. erehricostataf Porbes. 

Locbgilp ; West Tarbert ; Old Mains, Eenfrew ; 
Gary el Park New Dock, Greenock ; Caithness, 
in boulder clay ; Paisley ; Loch Lomond beds, 
in shelly boulder clay ; Westergateside, near 
Drymen, in gravel ; liyles of Bute; Port Lo- 
gan Cliffs, ‘Wigtownshire ; Lewis {B.B.) Hous- 
ton Clay-field. 

Daimuir ; Locbgilp ; Loch Long (Brof. GeiUe) ; 
Paisley ; Bute ; Croftamie ; Belhelvi© ; Arran ; 
Gariness, in gravel ; Port William ; Lewis, in 
boulder clay {B. B.) Synonyms : A. Gairtmis^ 
Smith ; Crassina elliptica, Brown ; Crassina 
ovata, Brown ; A. semisulcata, Jeffzej$ [non 
Leach]. 

Stevenston (Smit/i) ; Banff {Smith). 

Gamrie {Brestwich) ; Caithness ; Clyde Beds 
{Smith), 

Port William. 

Annochie {Jamieson), Synonym: Zttcina fefru^ 
ginosa, Forbes. 

Daimuir; Locbgilp; East and West Tarbert; 
Crinan ; Duntroon ; Cumbrae College ; Dipplo 
Tile- works ; Kyles of Bute ; Annochie ; (5 Id 
Mains, Eenfrew, specimens with united valves ; 
Houston Clay- field. 

Locbgilp ; Paisley ; Kilchattan Tile- work, Bute ; 
Garvei Pax'k New Dock, Greenock ; Kyles of 
Bute. Synonym : Zucina Gouldii, Philippi. 

Annochie {Jamieson) ; Arran {Bryce). Synonym : 
Accinus Sarsii, Philippi. 

Stevenston {Zandshoroiigli). 

Caithness, in boulder clay ; Paisley ; Kilchattan 
Tile-%vork, Bute ; Locbgilp ; Gamrie ; Corn- 
ton, near Bridge of Allan ; Belhelvie ; Luck- 
now Pit, Ayrshire ; Gartness, in gravel ; Lewis, 
in laminated beds {M. E.) 

Caithness, in boulder clay ; Daimuir ; Old Mains, 
Eenfrew; Garvei Park New Dock, Greenock; 
Kilchattan Tile-works, Bute ; Cornton, near 
Bridge of Allan ; Locbgilp ; Lucknow Pit, 
Ayrshire ; Kinness Burn, St. Andrews, in blue 
clay; Lewis, in laminated beds (M.E.) 

Caitimess, in boulder clay ; Paisley ; Locbgilp ; 
Daimuir (Smith) ; Bute (Smith) ; Garvei Park 
New Dock, Greenock. Synonym : C, pygmceum, 
P. &H. 

Caithness, in boulder clay ; Cumbrae College ; 
West Tarbert ; Paisley ; Garvei Park New 
Dock, Greenock ; Arran ; Locbgilp ; Kyles of 
Bute; Houston Clay-field. 

Gamrie {Jamieson) ; King-Edward {Jamieson). 

ByxiQ {Smith), Synopym : C. SuecioumjE. kM., 

Caithness, in boulder clay; Cruden; Cumbrae 
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Genus Coiibula. Briiguih'e. 
C. gibba. Olivi, 

Genus Ceenella. JBroiim, 
G. ciecussata Montg, 

C. faba. 3IuUer. 

Genus CrAMiuii. Fhiiijypi. 
G, minutum. Fah\ 

Genus Cyprina. LmnarcJc, 
C. Islandica. Zinn, 


Genus Donax. Linnmus. 

D. vittatus. , 3a Costa. 

D. trunculus. Linn. 

Genus Glycimeris. La^ 
marel\ 

G. siliqua. LamJc. 

Genus Kellia. Turton. 

K. siiborbicularis. Montg, 

Genus Leda. Sclnimacher. 
[L. aiitiqua. Smith.'] 

L. arctica. Grag. 


Ij. limatula. Sag. 
L. liicida. Zovm. 
L. minuta. Miilier. 


L. pernula, HiUkr. 


College ; Stevenston {Zandshorough) ; Lucknow 
Pitt, Ayrshire. Synonym. : 0. Icevig&tim^ Penn 
et auct. [non Linn.]. 

East Tarbert ; Tangy Glen, near Campbeltown. 
Synonym : C. nucleus, P. & H. 

Caithness, in boulder clay ; Elie. 

Errol {Jamieson). 

West Tarbert; Port William. Synonym*: Tur- 
tonia minuta, F. Sc H, 

Caithness, in boulder clay; Dalmuir; Cumbrao 
College; Lochgilp; Lucknow Pitt, Ayrshire; 
Paisley ; West Tarbert ; Duntroon ; Old Mains, 
Eenfrew; Garvel Park New Dock, Greenock ; 
IGilchattan Tile- work, Bute ; Kyles of Bute ; 
Gamrie ; Elie ; Chapelhall ; Ellishill ; Lang- 
bank ; Croftamie, Dumbartonshire, in blue 
clay; Arran; Jordanhill Brick- work; Stob- 
cross ; Fairfield ; Paisley Canal ; Loch Lomond 
beds, in shelly-boulder clay ; Westergate- 
side, near Drymen, in gravel ; Gartness, in gra- 
vel ; Lewis, in boulder clay {R.B.) ; Houston 
Clay -field. Symonym : Veynis Zslandicus, Linn. 


Sy- 


Caithness, in boulder clay; Ayr {Smith). 
nonymn : D. anatimis, F. & H. 

This shell is recorded by Smith^'"’ from Stevenston, 
[jide Landsborough]. 

Caithness, in boulder clay. 

St. Fergus {Jamieson) ; a very doubtful deter- 
mination. 

This is mentioned by Smith in his list, hut with- 
out any locality ; a very doubtful form. 

Elie and Errol ; Lucknow Pitt, Ayrshire ; Clash- 
mahew Tile-’works, Wigtownshire, w^ith the 
epidermis preserved ; Terally Brick -wmrks, 
near Stranraer ; Montrose ; Tyuie. Synonyms : 
Leda {Nue-ula) trumata. Brown ; Isumla Fort- 
landica, Hitclicock. Essentially an arctic spe- 
cies ; occurs in the “ Leda clay” of Montreal. 

Enng-Edward {Jamieson]. 

Do. do. 

Caithness, in boulder clay; Elie; Errol; Barry; 
Bute. Synonyms : "jJimila minuta, Smith ; 
Leda candata, F. & H. 

Dalmuir ; Lochgilp ; Duntroon ; West Tarbert ; 
Old Mains, Renfrew ; Paisley ; Crinan; Garvel 
Park Nevr Dock, Greenock;" Tangy Glen, near 
Campbeltown; Arran; Wmdmillcroft ; Kil- 
maurs ; J ordanhill Brick- work ; Paisley Canal ; 
Kyles of Bute ; Inchlonaig ; Claslmiahew Tile- 
works ; Port Logan Cliff's, Wigtownshire ; 
Barry; Lewis, in laminated beds {li.F.); Hous- 


® Researches, p, 49. 
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Xi. periiTila var "baceata. 
Bteemt, 

L. pernula var miicilenta. 
Steenst. 

L. pygmsea. Munster^ 


X* pygmaea var gibbosa. 
Smith. 

L. pygmsea var lenticala. 
Muller. 

Genas Lepton. Turton. 

L. nitidnin. Turton. 

Genus Lugina. Tniguiere. 
L. borealis. Linn. 


L. spinifera. Montg. 
Genus Ltjginopsis. Tories 
Hanley. 

L. undata. JBeimant. 


Genus Ltjtraria. LamareJc. 
L. elUptica. Lamh. 


Genus Mactba. Linnmis. 
M. solida. Linn. 

M. solida var elliptica. 
Broien. 

M. solida var truncata. 
Montg. 

M. subtruncata. JDa Costa, 


M. subtruncata var striata. 

Brotvn, 

M. stultonim. Linn. 


ton Clay-field. Synonyms: Htmila oUonga, 
Brown. [Forbes placed Leda rostrata, Lamk., 
recorded from Dalmuir by Smith, as a synonym 
of H. oblonga, Brown.] 

Caithness, in boulder clay. 

Paisley; Garvel Park Kew Dock; Kilchattan 
Tile-work, Bute. 

Dalmuir; Lochgilp; 'WestTarbert; Crinan; Dun- 
troon ; ()ld Mains, Eenfrew ; Paisley ; Mon- 
trose ; Annochie, in brick clay ; Caithness, in 
boulder clay ; Tauj^ Glen, near Campbeltown ; 
Elie and Errol ; Windmillcroft ; Cumbrae Col- 
lege ; Arran ; J ordanhill Brick - work ; Par- 
ti ck ; Paisley Canal; Dipple Tile - works ; 
Kyles of Bute ; Inchlonaig ; Clasmahew Tile- 
works; Port Logan Clifis; Fort William; 
Houston Clay-field. 

Cumbrae College. 

Paisley ; Garvel Park Kew Dock ; Kilchattan 
Tile-work, Bute. 

Lochgilp. Occurs in the post-glacial beds of 
Christiana {Sars) . 

Kyles of Bute, and Gourock (Lrof. GeiJcie ) ; Caith- 
ness, in boulder clay. Synonym: Venus borealis. 
Linn. 

Caithness, in boulder clay. 


Ayr {Smith ) ; Kyles of Bute {CrossJcey). [Messrs. 
*Bobertson and Crosskey state that at the Kyles 
of Bute this shell occurs in a bed resting on the 
true glacial shell-bed, but not in the latter.] 

Kyles of Bute ; Lucknow Pit, Ajwshire. Fossil 
in all our upper Tertiaries from the Scotch 
glacial beds to the Coralline Crag {Jeffreys). 
[Messrs. Eobertson and Crosskey state that at 
tho Kyles of Bute this shell occurs in a bed 
resting on the true glacial shell-bed, but not in 
the latter.] 

Kyles of Bute (Pro/. Geilde ) ; Stevenston {Lands^ 
boroicgh ) ; Forth Beds ; Lewis (P. E.) 

Stevenston {Landsborough ) ; Duntroon ; Gamrie. 

Forth beds {Smith). This appears to be a very 
doubtful determination. 

Cumbrae College ; Kilchattan Tile-work, Bute ; 
Forth beds {Smith). Synonym: Jf. cimeatai 
Sow. 

Dalmuir ; Ayrsliire (Smith) ? 

Jeffreys remarks that this shell occurs, but not 
commonly, in all our upper Tertiary strata, from 
the Scotch glacial beds {Smith) to the Coralliae 
Crag (S. TFood}.”^ 


British Co-nchologgi vol. ii. p. 423. 



Genus Modiolahia. Bed:, 
M. albicostata. Sow, 

M. discors. Binn. 

SI, discors var Isevigata. 
Grmj. 

M. nigra. Gray. 


Genus Montacuta. Turton. 
SI. bidentata. Montg. 

SI. elevata. Stimpson. 

SI. ferrnginosa. Montg, 

Genus SIya. Zinnmis. 

SI. arenaria. Linn, 

SI. truncata. Linn, 


SI. truncata var UddeTal- 
lensis. Forbes. 

Genus SIytilus. Linneeus. 
SI. edulis. Linn. 


SI. modiolus. Linn. 


Genus Kxjcula. Lamardc, 
ST. nitida. G, JB. Sow. 

N. nucleus. Linn. 

ST. nucleus var tumidula. 
Malm. 

ST. sulcata. Broivn. 

ST. tenuis. Montg, 


ST. tenuis yar expansa. 
Feeve. 

ST. tenuis yar inflata. 
Mbrch. 

ST. proxima. Say. 


BeseareheSf p. 54. 


Dalmnir {SmUh). Perhaps a yariety of M. discors, 
Linn. 

Paisley. Synonym : CrenelU diseorsy P. & H. 

Balmuir ; Lochgilp ; Eiie ; Errol. 

Kyles of Bute ; Errol ; Gary el Park STew Dock^, 
Greenock. Synonjuns ; CrenelU nigra, F. & H. ; 
Modiola fiigra, Gray. 

Dalmuir. Synonym : Mya hidentaia, Slontagu. 

Lochgilp ; Tangy Glen, near Campbeltown. 

Kilchattan Tile-work, Bute. Synonym ; Mya 
ferntgmosa, Slontagu. 

Bute [Smith) ; Lochgilp, a single yalye only. 

Windmillcroft ; Dalmuir ; Cumbrae College ; 
Lochgilp; East Tarbert; Duntroon; OldSIains, 
Benfrew; Paisley; Edlchattan Tile-work, Bute ; 
Garvel Park STeyr Dock, Greenock ; SVick ; 
Eothesay; King-Edward; Elie; Kyles of Bute; 
Jordanhill Brick-work ; Stobcross ; Paisley 
Canal ; Dipple Tile- works ; Gartness, in gravel ; 
Barry ; Fort 'William ; Lewis [R.E .) ; Houston 
Clay-field. 

Dalmuir; Lochgilp, in situ; Eothesay; Kyles of 
Bute, in situ. 

Dalmuir; Cumbrae College; Lochgilp; OldSIains, 
Eenfrew; Paisley; Garv^el Park STew Dock, 
Greenock ; Caithness, in boulder clay ; Gamrie; 
Cornton, near Bridge of Allan ; Ellishill ; Jor- 
danhill Brick- work ; Partick; Stobcross; Fair- 
field ; Paisley Canal ; Dipple Tile-work ; Kyles 
of Bute ; Ifort William ; Houston Clay -field. 

Dalmuir ; Cumbrae College ; Lochgilp ; West 
Tarbert; Old Slains, Eenfrew; Paisley; KiL 
chattan Tile- work, Bute ; Caithness, in boul- 
der clay; Crinan; Garvel Park STew Dock, 
Greenock ; Arran ; Paisley Canal ; Kyles of 
Bute ; Fort William ; Houston Clay-field. 

Paisley [Crosshey). 

Caithness, in boulder clay ; Lochgilp ; Paisley ; 
Eothesay. Synonjun : A.rca nuclea, Linn. 

Paisley. 

Caithness [Feacli). This appears to be of very 
doubtful stability. 

Lochgilp ; West Tarbert ; Duntroon ; Paisley ; 
Garvel Park New Dock, Greenock ; Kilchattan 
Tile- work, Bute ; Annochie ; Montrose ; Cum- 
brae College ; Jordanhill Brick- work ; Partick ; 
Barrie ; Houston Clay -field. 

Cumbrae College. 

Paisley ; Elie and Errol. A decidedly arctic 
shell. 

Eecorded from Aberdeenshire by Smith,* {Jide 
Jamieson.] According to Gould this shell is 
closely allied to, if not identical with, if. nitida, 
Sow.f 

Jeffreys, BriHsh Conchology, Tol. ii. p. 150. 
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Genus Pholas. LisUr, 
P. crispata. Linn, 


P. dactylus. Linn, 

Genus PsAMMOBiA. Lmnarch, 
P, PeiToensis. Ckem, 


Genus Saxigava. LUurian 
de BeUvue. 

S. Noryegica, BpengUr, 


S. Tugosa Linn, 


S. rugosa var arctica, 
Linn. 


S. rugosa yar precisa. 
Montg. 

S. sulcata. Smitli. 

Genus Scrobiculakia. 
ScJmmacher. 

S. alba. S, Wood. 


S. prismatica. Montg. 


Genus Solecurtus. Le 
JBImmnlle. 

S. candidus. Benier. 
Genus Soi.bk. Linnesns, 

S. siliqua. Linn. 

Genus Tapes. MjUlilJcldt. 

T. deeussatus. Linn. 

T. pullastra. Montg. 

T. virginens. Linn* 
Genus Tebeina. Linn€Bus. 
T. Balthica. Linn. 


Sterenston {Landshoroitgh) ] Cumbrae College; 
Gamrie ; Kin g-Ed ward ; Kilcbattan Tile- work, 
Bute; Houston Clay-field. 

Stevenston {Landshorough ) Ayr (Bmitli)* 

Kyles of Bute {Crossheg). [Messrs. Eobertson 
and Crosskey state that at this locality this 
shell occurs in a hed resting on the true glacial 
sheE-hed, but not in the latter.] 


Caithness, in boulder clay; Arran; Belhelvie; 
Gouroek; Eairlie; Kyles of Bute, in situ; 
Langbank; Lewis, in boulder clay (E.E.) 
Synonyms: BanopcoaareticayQould; F.Bmona^ 
Smith ; Bmtopm Lforvegica, F. and H. 
Caithness, in boulder clay ; Elie and Errol ; 

Lalmuir ; Locligilp ; Cumbrae College ; East 
' and West Tarhert; Old Mains, Eenfrew ; Gar- 
vel Park Kew Bock, Greenock ; Paisley ; Kil- 
chattan Tile- work, Bute ; Eothesay ; Stoh- 
cross ; Paisley Canal ; Kyles of Bute ; Kinness 
Burn, St. Andrews ; Lewis, in honlder clay 
Houston Clay-field. Synonym: B. 
pholadiSf Linn. 

Loehgilp ; Balmuir ; East Tarhert ; Garvel Park 
New Bock, Greenock; Kyles of Bute ; Jor- 
danhill Brick- work ; Bryleys, near Montrose. 
Synonym : Mya arctica, Linn. 

Loehgilp, one valye only. 

Paisley ; Montrose ; Annochie ; Kyles of Bute ; 
Ellishill ; Belhelvie ; Eothesay. 


Balmuir; Loehgilp; West Tarhert; Biintroon; 
Garvel Park New Bock, Greenock. S^monyms : 
Ligula Boysii, Montg. ; Ah'a fabUis, S. ’VVood ; 
Syndosmya alha^E. & H. 

Loehgilp; Kilchattan Tile-work, Bute ; Kyles of 
Bute ; Greenock [Bmith). Synonyms : Ligula 
p7'ismatwa^ Montg. ; Syndosmya prmnaUcaj F. 


Caithness {Beach). 

Fragments in Clyde beds {Prof. Geilde ) ; Kil- 
chattan Tile-work, Bute, in fragments. 

Scotch and Irish beds {Forbes ) ; Lucknow Pit, 
AjTTshire. 

Clyde beds {Smith ) ; Lucknow Pit, Ayrshire. 

Synony'm : Femts pullastra^ Smith. 

Kyles of Bute {Prof. Qeikie). 

Caithness, in boulder clay; Arran; Balmuir; 
Old Mains, Eenfrew ; Paisley ; Gamrie ; King- 
Edward; Belhelvie; Lewis (A.-E'.), Towncroffe 
Farm, near Grangemouth, in muddy sand 
above a red clay containing seals’ bones. This 
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T. ealcarea. Cliem. 


T. crassa. linn. {GmcUn), 
T. donacma. Linn. 

T. fabula. Gmnovius. 

T. Grcenlandica. Bech, 
T. scxualida. Bulteney. 

T. tenuis. Da Costa. 
Genus Tiibacia. Leach. 

T. myopsis. Beck. 

T. papyracea. FoU. 
Genus Vexus. Linnccus. 

V. Casina. Linn. 

Y. exoleta. Linn. 


Y. fasciata. Fa Costa. 
Y. gallina. Linn. 

Y. lincta. FuUeney. 


Y. ovata. Fennant. 

Genus Yoldta. Mdller. 
Y. hyperborea. Lovm. 
Y., sp. ind. 


Genus Aposhhais. Fa Costa. 
A. pes-pelicani. Linn. 


Genus Buccinum. Linnceus. 
B, ciliatunu Mhr. 

B. Groenlandiciiin. CJmn. 


form occurs in tlie Bridlington and Manimal- 
iferous Crags, Cromer beds, Isle of 3Ian beds, 
and ScandinaYian deposits, &c. Synomun : T. 
solidala, F. & H. 

Caithness, in boulder clay ; Elie ; Balmuir ; Loch- 
gilp ; Luclmow Pit, Ap’shire ; Y^indmillcrof t; ; 
Cunibrae College; East Tarbert; Crinan; Bun- 
troon; Old Mains, EenfreY-; Paisley; Kil- 
ehattan Tile-work, Bute ; Cornton, near Bridge 
of Allan ; Chapelhall ; Gamrie ; Belhelvie ; 
Kothesay ; tTordanJiill Brick- work ; Stobcross; 
Fairfield ; Paisley Canal ; Kyles of Bute ; Kin- 
ness Bum, St. Andrew’s, in blue clay (as T. 
promna) ; Inchlonaig ; Garvel Park Kew Bock ; 
Houston Clay-field, Synonyms : T, pronma, 
Brown ; T. sordida^ Couthouy, 

Ayr (Smith). 

Banff (^Smith). 

Locligilp. 

Bute (Forhes). 

Kyles of Bute (Crosskey) ; Balmuir. Synonym : 
T. incarnata, F. &: H. 

Kjdes of Bute (Crosskey) ; Gamrie. 

Elie ; Errol ; Greenock (Jeffreys). Markedly 
arctic. 

Kyles of Bute and Lochgilp (Frof. Geikie). 

Caithness, in houlder clay. From the Clyde beds 
to the Coralline Crag (Jeffreys). 

Lucknow Pit, A^^orshire; Clyde beds (S^mth). 
Synonyms : Cythere exoleta^ Lam. ; Artemis 
coeoleta^ Forbes. 

Lucknow Pit, Apsbire. 

Caithness, in houlder clay. Synonym : Y. 
striatiila, Bonovan. 

Caithness, in boulder clay ; Balmuir ; Kyles of 
Bute (Frof. Geikie) ; Clyde beds (Smith). 
Synonym : Artemis lincta, F. & H. 

Caithness, in houlder clay: Tangy Glen, near 
Campbeltown. 

Errol. [? the young of Leda arctica.J 

Elie. This is identical wdth a species found 
by Br. Tdrell at Spitzbergen, in SO® K. Lat. 
(Brown). 


Class; Gasteropoda, 

Frosobrcmchiata. 


Caithness, in honlder clay; Kilchattan Tile-work, 
Bute; Gourock; King-Edward; Fort ^Yilliam ; 
Lewis (B.E .) ; Houston Clay -field. [Messrs. 

Eobertson and Crosskey state that at the Kyles 
of Bute this species occurs in a bed resting on 
the true glacial shell-bed, hut not in the latter.] 

Bute (Forhes). 

West Tarbert; Old Mains, Eenfrew; Paisley; 
Balniuir; Errol. The shells recorded by Prof. 
Geikie ffom the Clyde beds as B. Eiimphrey^ 

Q Q 
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B. iindatum. Linn. 


B. Iindatum var carinatum. 
Turton. 

Genus CnraTHiuM. Adanmn, 

C. reticulatum. J)(i Costa. 

Genus Cerithiopsis. Forbes j 

^ Hanley. j 

C. costulata. Jlulber. \ 

G. tuber Giilaris. Moutg. ! 

Genus Chiton. Zinnceus. 

G. albus. Linn. | 

C. cinei'eus. Lhm. 


G. niarinoreus. Fahr. 


C. rubei’. Lbm. 

Genus Coiuhbella. Xff- 
marclc. 

C. Hoibijllii. MiUkr. 
Genus Cychistreha. liar - 
ryat. 

C. ? costulatum. Muller, 

Genus Befiiaxcia. MUlet. 

D, Leufroyii. Michaud, 

Genus Bentalium. Linnmus. 
1). abyssorum. Bars, 

B. entalis. Linn. 

B. tarentinum. LamJc. 


Genus Fissurelxa. Lrii -> 
guiere. 

P. GrjBca. Linn. 

Genus Pusus. Bnigidere, 

P. antiquus. Linn. 


sianum^ appear to be tliis species {Jejfreys)r^ 
According to blessrs. Grosskey and Bobertson, 
this species recorded in Br. Thomson’s 
Balmuir list as B. striatum^'f Sow. Synonym : 
B, Cycmeum, Beek- 

Balmuir ; Cimibrae College ; Loehgilp ; Paisley ; 
Caithness, in boulder clay; West Tarbert ; 
Bunti'oon; Gourock; Old Mains, Benfrew; 
Garvel Park New Bock; Kilchattau Tile- 
work, Bute; Gamrie ; Cornton, near Bridge 
of Allan; Jordanhill Brick-work; Fairfield; 
Paisley Canal ; Kyles of Bute; Gartiiess, in 
gravel; Brymen, in gravel; Fort William; 
Lewis (72. A.) ; Houston Clay-field. Synonyms : 
B, vulgarei Ba Costa ; B. porcatum, Gmelin. 
Bute {Smith fide Jeffreys). This is a monstrosity^ 


Cumbrae College ; Lochgilp ; Bimtroon. 


Wick. Synonym: fJ. nivea, 

Jeifreys records this as fossil from the Clyde bods 
[fide Smith]. 

Port William {Jeffreys). 

Lochgilp; Garvei Park New Dock, Greenock,; 
Caithness, in boulder clay ; Port William. 
Synonym : 0. aseUiis^ F. & H. 

Balmuir ; Lochgilp ; Old Mains, Benfrew ; Garvei 
Park ISTew Bock, Greenock ; Port Wiliiaiu 
{Jeffreys). 

Balmuir; Lochgilp; Garvei Park New Bock, 
Greenock; Port William {Jeffreys). 


Port William {Jeffreys). 


Paisley {Crosskey) ; Port William (Jeffreys). 
Synonym : Margarita ? eosiidata, Miiller. 


Wick, in boulder clay. Synonyms: Fleurotonm 
Leufroyi^Midii. '^ llangelia Leufroyii P. &: H. 

Wick, in boulder clay. 

Wick, in boulder clay; Belhelvie; King-Edward, 
Gamrie; Lewis (72. A.). 

Gamirie. Smith makes A. tarentinum and 1). 
dentale, Linn., synonymous ; it is therefore 
doubtful which of the two has been found at 
this locality. 


Clydo^^beds {Forbes). Synon^^un: F. retieulaia^ 

Cumbrae College; West Tarbert; Lochgilp; 
Paisley {Frof. GeiJde) ; Garvei Park New 
Dock, Greenock; Goimock; Kilchattau Tile- 


Brit. Conchologyt vol. iv. p. 294. 


i Trans. Geol. Soc. Glasgow, yoL ii. p. 273. 
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F. curtus- Smith, 
F. despectus. Linn, 


F. gracilis. Da Costa, 

F. propinquus. Alder, 
Genus Helcion. De Mont- 
fort. 

H. pellticidum. Linn. 

H. pelliicidum rar laavis. 
Lemmnt. 

Gentis Helix. Limmus. 

H. liispida. Linn. 

Genus Homalogyea. lep 
freys, 

H, atomus. Lhil. 


Genus Hyduobia. JIarU 
niann. 

H. ulvse. Fennant, 


Genus Lacuna'. Turton. 
L. divaricata. lahr. 


L. diYaricata var quadri- 
fasciata. Montf. 

L. pallidula. Fa Costa. 


L.pallidula var neritoidea. 
Gould. 

L. puteola. Turton. 


Genus Littoeina. Fenissac. 
L. limata. Loven, 


L. litorea. Linn. 


wor'k-, ^ Bute ; Croftamie, Bainbartonsliire, in 
blue ciayj Caithness, in boulder clay ; Paisley 
Canal; Kyles of Bute ; Houston Claj^-deld. 

Stevenston {Landsborougk).^^' Probably a 
doubtful species. 

Dalmuir {Forbes ) ; Kippet Hills, Loch, of Slains, 
Aberdeensliire Synonyms: Murex- 

earinatus, Pea. ; Fitsus carhiatus, Lamk, F. 
tornaiuSf Gould ; F. earinatiiSf Smith. 

Dalmuir ; Lems {F.F.), 

ZiOchgilp {Frof, Geilcie) ; Gamrie ; Kind-Edward, 


Dalmuir; Locligilp; Ayr. Sjmonym : Fatella 
pelliicidaj Lin. 

Dalmuir; BanSshire {Forbes). 

Ivinness Burn, St. Andrews. 

Dalmuir; Cumbrae College; Locligilp; West 
Tarbert ; Dimtroon ; Garvel Park'^bT'ew Dock, 
Greenock ; Old Idains, ilenfrew ; Paisley ; 
Eilcliattan Tile-work, Bute; Fort William; 
Jordanhill Brick- work; Stobcross ; Dipplo 
Tile-works ; Houston Clay-field. S}TLOnym : 
Sicenea nitidissimciy F. k H. 


Paisley; Dalmuir; Kinness Burn, St. Andrews. 
Synonym : Rissoa tdvce, F. k H. JefiVeys says 
that the males of this species are probably the 
Itissoa subtimbUlcata^ Montg., which under this 
name is recorded by Smith from Dalmuir. 

Dalmuir; Cumbrae College; Lochgilp; West 
Tarbert ; Duntroon ; Old Mains, Henfrew ; 
Paisley; Garvel Park Kew Dock, Greenock; 
Kiichattan Tile-work, Bute; Caithness; Gamris; 
King - Edward ; Fort William; Jordanhill 
Brick-work ; Stobcross ; Paisley Canal ; Kyles 
of Bute ; Houston Clay-field. S3''non}Tn : L. 
tnnetay F. k H. 

Dalmuir. Sjmom^m: Turbo qmdrifasciatus.,lAonti. 
Dalmuir ; Lochgilp ; Fort William. Synonyms : 
Turbo palUdulus, Turton ; JS’eriia pallidula^ Da 
Costa. 

Dalmuir ; Fort William. 

Dalmuir ; Cumbrae College ; Paisley ; Garvel 
Park ISiew Dock, Greenock ; Fort William. 
Synonym : Turbo piiteolusy Turton. 

Dalmuir ; Cumbrae College ; Lochgilp ; Paisley ; 
East and West Tarbert; Garvel Park Kew 
Dock ; Jordanhill Brick- work. Synonyms : T. 
palliatus., Say; L. arcticUy Miiller; Turbo ex- 
pansiis, Brown. 

Dalmuir ; Cumbrae College ; East and West Tar- 

* Smith, JSesearcAes, p. 49. 

Q Q 2 
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[L. neritoides. Linn,'] 


L. obtiisata, Linn^ 


li. obtusata var neriti- 
forme. Broivn, 

L. riidis. Maton, 


Ij. nidis yar patula. Lef^ 
frtys. 


bert ; Paisley ; Crinan ; Old Mains, Eenfrew ; 
Kilcbattan Tile-works, Bute ; Caithness ; Corn- 
ton, near Bridge of Allan; Croftamie, Biim- 
bartonshire, in blue clay; ‘Windmilleroffc ; 
Lochgilp; Lucknow Pit; Arran; Jordanhill 
Brick-work; Paisley Canal; Eyles of Bute; 
Kinness Burn, St. Andrews ; Gartness, in 
gravel ; Fort William ; Houston Clay-field. 
Kecorded by Prof. Oeikie from certain of the 
Clyde beds. Some doubt regarding the cor- 
rectness of this is expressed by Jeffreys.^ 
Dalmuir ; C umbrae College ; Lochgilp ; East 
and West Tarbert ; Duntroon ; Paisley; Old 
Mains, Eenfrew ; Garvel Park Kew Dock, 
Greenock ; Kiichattan Tile-work, Bute ; Caith- 
ness, in boulder clay ; Lucknow Pit, Ayrshire ; 
Paisley Canal ; Kyles of Bute ; Houston 
Clay-field. Synonym : X. litoralis, F. & H. 

East Tarbert. 

Dalniuir ; Lochgilp ; Paisley ; Garvel Park Kew 
Dock, CT-reenock ; Kiichattan Tile-work, Bute ; 
Cornton, near Bridge of Allan ; Eothesay ; 
Jordanhill Brick-work; Stobcross; Paisley 
Canal ; Fort William. 

Dalmuir; Bute {Smith), 


L. rudis var ' saxatilis. 
Jolmston. 

L. squalida. X. S, 


Genus Maegauita. Leach, 
M. cinerea. Couthouy, 
M. olivacea. Brown, 
Genus Menestho. Muller. 

M. albula. Fahr, 

Genus Molleeia. Jeffreys, 
M. costulata. Muller, 
Genus Mueex. Linnmis. 

M. erinaceus. Linn. 
Genus Kassa. Lamar eh, 
K. incrassata. Strom, 


K. reticulata. Linn, 
Genus Natica. Aclanson, 
K» affinis. Gmdin, 


K. ALderi. Fordes, 


Garvel Park Kew Dock, Greenock; Jordanhill 
Brick-work. 

Port William ; Ellishill ; Invemettie ; Eailway 
cutting between Drymen and Gartness, Stir- 
lingsbire, in gravel, with other arctic shells 
(Jamieson) ; Paisley, 

Bute (Frof. Getlde); Eothesay (Smith), 

Clyde Beds (Jeffreys), 

Paisley. 

Old Mains, Eentrew ; Paisley ; Fort W^Eliam. 

Dalmuir (Smith), 

Caithness, in hpulder clay ; King-Edward ; Kyles 
of Bute (Frof. Geihk) ; Dalmuir (Smith) ; 
Lochgilp ; Kinness Burn, St. Andrews. Syn- 
onym : M, macula, Montg. 

Duntroon. 

Dahnuir; Cumhrae College; Lochgilp; West 
Tarbert; Duntroon; Old Mains, Eenfrew; 
Paisley ; Garvel Park Kew Dock, Greenock ; 
Caithness, in boulder clay; KEchattan Tile- 
work, Bute; Gamrie (Chamhers); Gourock; 
;^g-Edward ; Eothesay ; Paisley Canal ; 
Kyles of Bute; Gartness, in gravel; Fort 
William ; Lucknow Pit, Ayrshire ; Houston 
Clay-field. Synonym ; Ff, clausa, B, & S. 

Caithness, in boulder clay ; King-Edward ; Lewis 
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Is* catena* Da Costa. 

[K. fragilis. Smith.'} 
[K. glaueinoides, Sotv.} 

Groenlandica# Deeh* 

ISr. Islandica* Gmelin* 


N. Montacuti. Forhcs. 
IST. Smitliii. Bvoivn. 


N. sordida. DMl. 

Genus Odostomia. DUming, 

O. acicula. Dhil. 

O. albella. loven. 

O. conoidea. Droechi. 

O. pallida. Montg. 

O. Lnldsi. Jeffreys. 

O, spiralis. Montg* 

O. torita, Manley* 

O. nnidentata. Montg. 

Genus Patella, lister. 

P. vnlgata. Linn. 


Genus Plexjeotoma. La- 
march. 

P. nebula, Montg. 

P, pyxamidalis. Strom. 


[P. rufa. Montg.} 


(it.j?.). Synonyms *. M. intermedia et Maro- 
ehiensis, Pbilippi ; M. nitkU^ F. & PI. 

Paisley; Bute; Gourock, TMs species is men- 
tioned in Dr. Thomson’s Dalmuii' list as iV. 
glaucmoides. Sow.* Synonyms : M. monilifera^ 
F. & H. ; JSf. glancina. 

Dalmuir. [Considered by E. Forbes to be a mucli 
decayed M. rnonilifemL} 

Eecorded from King-Edward by Smith, in Jamie- 
son’s list of Aberdeenshire glacial shells, f and 
also by Eandsborough from Stevenston.J It is 
a crag-fossil. Forbes also regarded this fossil 
as identical ^yith M. monilifera. 

Elie and Errol; Old Mains, Eenfrew; Garrel 
Paib PTew Dock, Greenock , Kilchtittaii Tile- 
work, Bute; Jordanhill Brick- work; Paisley 
Canal ; Kilmaurs (/. Young). Houston Clay- 
field. Synonym : M. pitstUa, F, & H. 

Bute; Caithness, in boulder clay ; Gamiie; Fort 
William ; Paisley ; Elie and Errol ; Gamrie ; 
King-Edward; Eilchattan Tile-w’ork (Jamie- 
son) ; Caithness. Synony^ms : jS\ helicoidesj F. & 
H. ; iV. fallida, B. & S. [Jeffreys remarks that 
it is difficult to determine whether M. pallida^ 
B. & S., is a synonym of JSf. GrcenlamUca or X. 
Islandica. § Under the designation of X, ^sallida 
a species is recorded from Dalmuir.] 

Bute^ Clyde beds (Smith) ; Lewds (B.D.) Syno- 
nym: Xalica Montagui^ Forbes. 

Ardincaple, near Helensburgh (Smith). Syno- 
nyms : Dulhus Smithii, Brown ; also probably 
X. flava^ Gould ; X. ag^erta, Loven. 

Caithness, in boulder clay (Feach). 

Caithness, in boulder clay. 

Do. do. 

Lochgilp. 

Do. 

Garvel Park Hew Dock, Greenock. 

Lochgilp ; Dalmuir ; Kyles of Bute. 

Lochgilp. 

Lochgilp ; Garvel Park Hew Dock ; Kilchattan 
Tile-work, Bute ; Kyles of Bute. 

Paisley; Caithness, in boulder clay ; Fort William 
(Jeffreijs) ; Luclmow Pit, Ayrshire ; Houston 
Clay-field. 


Caithness (Jamieson). Synonym: Mangelia no- 
hula, F. & H. ; P. ginnaniana^ Phil. 

Caithness ; Gamrie ; King-Edward ; Kilchattan 
Tile-work, Bute ; Dalmuir ; Cumbrae College ; 
Lochgilp ; West Tarhert ; Crinan ; Duntrooii ; 
Paisley; Kyles of Bute; InchKnaig; Port 
William. Synonyms : Defrancia Vahliiy Beck ; 
Mangelia pyramidalis^ Strom. 

Eecorded fi-om Kyles of Bute (Pro/. GeiUe) ; 
King-Edward and Gamrie { Jmnieson). Jeffreys 


^ Bobertson and Crosskey, Pmis. 5^00. vol. ii. p. 273. 

t Hesmrclies, p. 57. $ Froc. Seol. Soc., vol. iii. p. 444, I Brit. Can., voLiv. p. 218. 
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P. Treveljana. Turton, 


P. turricnla. Mmitg. 


P.violacea. Miglu%Ad. 

Genus Punctuuella. T. 
Zoive. 

P. Noachina. Linn. 


Genus Purpuea. JBmgiiiere. 
P. lapillus. Linn. 


Genus Eissoa. Frcminville. 
E. cancellata. I)a Costa. 
E. costata. Adams. 

R. inconspicua. Alder. 

E. inconspicua var ven- 
trosa. Montg. 

E. membranacea. Adams. 
E. parva. Da Costa. 


E. parva var interrupta. 
Adams. 


E. proxima. Alder. 

E. reticulata. Adams. 
E. soluta. Dial. 

E. striata. Adams. 


E. striata var arctica, 
Lovin. 


has only recognised tbis species as a glacial 
shell from the Belfast deposit,* those from the 
localities jast quoted probably being the pre- 
ceding form, D. pgramidaUs. 

Wick (DeaeJi) ; West Tarbert ; King-Edward and 
Gamrie (Jamieson) ; Kilchattan. Tile -work, 
Bute; Hebrides (Jeffreys). S}mo3iyms: Mangelia 
Trerelyanaj E, and H. ; Fusus decussatus^ Gou- 
thouy. 

Cumbrae College ; West Tarbett ; Duntroon ; 
Paisley ; Balmuir (Smith) ; Garvel Park New 
Dock, Greenock ; Lochgilp ; Oban (Drof. 
Geikie) ; Kilchattan Tile- work, Bute ; Caith- 
ness ; Gamrie ; King-Edward ; Kyles of Bute ; 
Fort "William. Synonyms : Mangelia iarri- 
cula, F. & H. ; Mmts discrepans, Brown. 

Dalmuir; Cumbrae College ; Lochgilp; Old Mains, 
Eenfrew ; Garvel Park New Dock, Greenock ; 
Kilchattan Tile-work, Bute. 


Dalmuir ; Lochgilp ; Cumbrae College ; Old 
Mains, Eenfrew ; Garvel Park New Dock, 
Greenock ; Fort William ; Houston Ciay-field. 
Synonym : Cremoria Fleiningiana, Leach. 

Dalmuir ; Cumbrae College ; East and 'West Tar- 
bert; Crinan; Paisley; Kilchattan Tile -work, 
Bute ; Loch Long (Prof. Geikie) ; Caithness ; 
Lochgilp ; Lucknow Pit, Ayrshire ; Jordanhill 
Brick- work ; Fort William. 

Lochgilp. Synonymn : D. cremdata, F. k H. 

Largs (Landsborongh). 

Crinan ; Jordanhill Brick- work. 

Dalmuir (Smith). 

Bute (Smith). Synonym: D. laMosaj F. & H. 

West Tarbert; Duntroon; Paisley (Jamieson); 
Garvel Park New Dock, Greenock ; Houston 
Clay-field. 

Dalmuir; Caithness; Cumbrae College; Loch- 
gilp; West Tarbert; Duntroon; Old Mains, 
Eenfrew ; Paisley ; Garvel Park New Dock, 
Greenock ; Kilchattan Tile- work, Bute ; Kyles 
of Bute ; Jordanhill Brick-wurk ; Fort WTlliam ; 
Houston Clay-field. Sjmonym: Turbo inters 
rtiptus, Adams. 

Lochgilp. Synonym : F. striatula^ Jeffreys. 

Lochgilp. 

Paisley. S.ynonym : F. glohosa, Martin. 

Dalmuir; Cumbrae College; Lochgilp; West 
Tarbert ; Duntroon ; Old Mains ; Garvel Park 
New Dock, Greenock; KEchattan Tile-work, 
Bute ; Kyles of Bute ; Jordanhill Brick-work ; 
Dipple Tile- work; Fort William; Houston 
Oiay-field. Synon}Tn: Turbo semieostatuSf 
Montg. 

Garvel Park New Dock, Greenock. ' 

* jCoc. cii., p. 494f 
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E. striata Tar saxitilis. 
MolUr. 

E. violacea. Desmarets. 
Crenns Scalaria. Zamarclc. 

S. Groenlandica. Cliem. 
Genus Skenea. Fleming, 

S. planorMs. Fah\ 


Genas Tectuua. Cuvier. 
T. virginea, Muller. 


Genus Trichotropis. Ero- 
derii) cf* Soiverhij. 

T. borealis. Frocl. % Sow. 

Genas Trochus. Eondeletius. 
T. cinerarias. Zinn. 


T. cinereas, Couthouy. 

T. Groenlandicas. Chem. 


belicinus. Fahr. 

[T. iineatas. Za Costa.'] 

T. magas. Zimi. 

T. millegranus. Fhil. 

T. tamidas. Montg. 


T. VabHi.^ Mailer. 

T. Zizyphinas. Zmn. 
Genus Trophon. Ze MonU 
fort. 

T. clatbratus. Zimi, 


Paisley. 

Locbgilp. 

Paiiiie; Eong-Edward {Zamiesoi^. 

.Dalmair; 'WindmiUcroft ; Cambrae College; 
Locbgilp; Tarbert; Dantroon; Old 

Mains, Eenfrew ; Paisley ; lulcbattaa Tile- 
work, Bate ; Garvel Park'New Dock ; Jordan- 
bill Brick- work ; Dipple Tile-work ; Kyles of 
Bute ; Port WilHam ; Houston Clay-field. 

Dalrnair ; Cambrae College ; Locbgilp ; Old 
Mains, Eenfrew; Paisley; Garvel Park New 
Dock, Greenock ; Kilcbattan Tile-work, Bute ; 
Gamrie ; Kyles of Bute ; Gartness, in gravel ; 
Houston Clay-field. Synonyms : Acmcsa vir^ 
ginea^ P. & H. ; Zottia ‘virginea^ Alder ; Fatella 
virginea, Muller. 

Garvel Park Kew Dock, Greenock ; Kyles of 
Bute. 

Stevenston {Zandshorotigli) ; Garvel Park Kew 
Dock ; Kilcbattan Tile- work. Bate ; Locbgilp ; 
{Frof. Geikie) ; Lucknow Pit, Ayrsbire ; Port 
William. 

Clyde beds {Jeffreys). Synonym: Margarita 
striata, B. & S. 

Dalrnair ; Cambrae College ; Locbgilp ; East 
Tarbert ; Old Mains, Eenfrew ; Paisley ; Gar- 
vel Park New Dock, Greenock ; Caitbness ; 
Fort William ; Eotbesay ; Errol ; Jordanbill 
Brick-work; Incblonaig; Houston Clay-field. 
Synonyms : Margarita tmdulata, G. B. Sow. ; 
Turbo incarnatus, Coutbouy ; Troohus infiatus, 
Brown. 

Dalrnair ; Cambrae College ; East Tarbert ; 
Paisley; Garvel Park New Dock, Greenock; 
Port William ; Jordanbill Brick-work. 

Paisley {Smith). Jeffreys doubts the correctness 
of this determination.* 

Clyde beds {Smith) ; Lucknow Pit, Ayrsbire. 
Port WTlliam Synonym: T. Martini, 

Smith. 

Dalrnair ; Locbgilp ; Old Mains, Eenfrew ; Gar- 
vel Park New Dock, Greenock; Kilcbattan 
Tile- work, Bute; Port William; Kyles of 
Bute. 

Paisley ; Caitbness. Synonym ; Margarita Vahlii. 
Caithness, in boulder clay. 


Dalmuir; Locbgilp; West Tarbert; Duntroon; 
Old Mains, Eenfrew; Paisley; Garvel Park 
New Dock; Kilcbattan Tile- work, Bute; 
Caitbness; Gamrie; Belbelvie; King-Bdwai’d ; 
Eotbesay ; Kyles of Bute ; Loch Lomond beds, 
in sbelly boulder clay ; Gartness, in gravel ; 


Brit. Con., vol. iii. p. 319. 
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T. clatliratTis Yar Gimneri. 
Zoven* 


T. trancatus. Strom. 


Crenus Tuhhitella. Zanil\ 
T. erosa. Omithony. 

T. reticulata. If igh, ^ Ad, 

T. terebra. Linn, 


Fort 'William. Synonyms: ¥mm imh'ieatits, 
Smiti.; Fimis scalar ifor mis ^ Gould j F, FerU’- 
manus, Sow. 

Dalmuir; Duntroon; Old Mains, Eenfrew; 
Paisley ; Garvel Park Mew Dock, Greenock ; 
Gamrie; King -Edward; Kyles of Bute; 
Houston Clay-field. 

Dalmuir; Cumkrae College; Locligilp ; West 
Tarbert ; Duntroon ; Garvel Park Slew Dock ; 
Old Mains, Eenfrew ; Paisley ; Kilcbattan 
Tile-work, Bute ; Caitliness ; Gamrie ; King- 
Edward ; Paisley Canal ; Kyles of Bute ; Gart- 
ness, in gravel; Lewis {ItF.). Synonym: 
Mtirex Bamffius, Donovan. 

Elie. Synonym : T, polaris^ Beck. A markedly 
arctic form. 

King-Edward {Jamieson), Synonyms : Mesalia 
reticulata, Migb and Ad. ; T. lactea, Holler. 
Caithness, in boulder clay ; Ai’ran ; Lewis {li,E .) ; 
Gourock {Frof. GeiJde) ; King-Edward and 
Aucbleucliries"(J?f;»2m;^). Synonym: T. eom- 
niunis, E. & H. 


Genus Yeltjtixa. Fleming, 
V. Isevigata. Fennant, 

Y. undata. Smith. 


Dalmuir; Crinan ; Garvel Park Mew Dock, 
Greenock ; Kilcbattan Tile- work, Bute ; Hous- 
ton Clay-field. 

Old Mains, Eenfrew ; Dalmuir ; Garvel Park 
Mew Dock, Greenock ; Paisley {Jamieson), 
Synonym : F. zonata, Gould. 


Genus Actjeon. De MonU 
fort, 

A. tornatilis. Linn. 

Genus Cvlighna. Loren. 

C. alba. Frozen. 


C. cylindracea. Fennant, 

C. obstricta. Gould, 
Genus Sgaphandee. Le 

IZonifort. 

S. lignarius. Linn, 

Genus Toenatella. Zamh, 
[T. pyramidata.] 

Genus XIteiculus. Frown. 

D. byaliaus. Turton. 


H. mammillatus. FhiL 
E. obtusus. Montg, 


E. truncatuius. Frtig, 
Ffote , — In a paper ontbe 


OgnsthohrancJiiata, . 

Caithness, in boulder clay; Loebgilp, Synonym : 
Tornatella fasciata, F, & H. 

Dalmuir ; Loebgilp ; Duntroon ; Paisley ; Gar- 
vel Park Mew Dock, Greenock ; Annochie ; 
Gamrie ; Kyles of Bute. Synonym : Volvaria 
alha. Brown. 

Loebgilp ; Paisley ; ? Bute ; ? St. Fergus. Syno- 
nym : Bulla cylindracea, Pen. 

Dalmuir ; Loebgilp. 


Greenock {Fohertson, fide Jeffrey s). 

Aberdeenshire {Smith, fide Jamieson). 

Dalmuir ; Cumbrae College ; Duntroon ; Paisley ; 
Garvel Park Mew Dock ; Kilcbattan TEe-work, 
Bute. Synonym: FidlahyaUna,Fwi:ioTi, 
Dalmuir. Synonym^’ CyUcJmamammUlata,F.&'B,. 
Cumbrae College ; Loebgilp ; West* Tarbert ; 
Duntroon; Paisley; Garvel Park Mew Dock, 
Greenock ; Kilcbattan Tile- work, Bute ; ? St. 
Fergus ; Kyles of Bute ; Dipple Tile-works ; 
Houston Clay -field. Synonym: CyUchna 

ohtusa, F. & H. 

Duntroon. Synonjm: CyUchiatruncatula,F.k'B., 
Palseontology of the Post-glacial Drifts of Ireland,’* 
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{GeoL Mag. vol. x., 1873., p, 447), Mr. A. Bell mentions having obtained the fry 
of living Mediterranean forms from, glacial clay got near Grreenock, viz., 
Mediterraneiis and Carclita trapezia. 


VEETEBEAfA. 

Class: Pisces. 

Bish hones have "been fonnd in the hrick-clay of Invernettie, near Aberdeen,^ 
and in the boulder clay of Caithness, f Bish vertebrae are recorded by Messrs. 
Eobertson and Orosskey from the following localities : — Paisley ; Kilchattan 
Tile- work, Bute ; Garvel Park Hew Dock, Greenock ; { &c. Prom the last- 
named locality Otolites have also been obtained. Mr. J. Gontts found small fish 
vertebrae in the deposit at Houston, near Paisley. 

Class : Aves, 

The skeleton of a bird is recorded hy Jamieson from brick-clay on the side of 
the river Dee near Aberdeen, § and hones from the Paisley deposit by lilessrs. 
Eohortson and Crosskey. The same authors notice the occurrence of bird bones 
in the deposit at Jordanhill Brick -w-ork, Patrick. |] In the Appendix to his 
paper ** On the Glacial Drift of Scotland,” ‘IF Prof. Geikie mentions the fact that 
the furculnm of a gull was found in brick-clay at the Bridge of Johnston, near 
Paisley. Smith describes this as the “ fourchette of a diver” {Mesearches, p. 14), 
and adds that the bed was 54 feet above sea-level. Mr. Walker states that the 
remains of two genera were found in red boulder clay at Strathbeden, Pife.'®’^ 

Class: Mammalia. 

Section: PLACEHTALIA. 

TJngulatcu 

Prontal bone and horn cores in blue clay at Kin- 
ness Bum, St. Andre’w’s, with Tellma ealearea 
(= T. proximo), 

la clay forming the bed of the Clyde opposite 
Jordanhill {Scouler ) ; ft in clay in Eothesay 
Bay {Frof. Gtihie ) ; in the interglacial beds of 
Cowdon Glen, Benfrew^shire.” 

Eecorded by the late Mr. Smith, of Jordanhill, 
from the marl beds of Perthslaire ; the exact 
locality, according to Dr. J. A. Smith, is Airley- 
wight, in marl underlying moss. [Dr. Smith 
likewise records numerous other instances of 
the occurrence of this species in the post- 
tertiary beds of Scotland, the most important 
of which are — a marl pit in Forfarshire ; in 
clay and gravel at Strath Halladale, Suther- 
landshire; in a peat- moss on the edge of 
Williestruther Loch, valley of the river Slitrig, 
Eoxhurghshire, with the skull of JBos longif rons ; 
in a peat-hog at Oakwood, near Selkirk.] Syno- 

* Jamieson, Quart. Jown.^ vol. xiv. p. 518. 

4 Peach, Proc. Boy. Phys. Soc. Ed., vol. iii. p. 403. 

t Trans. Geol. Soc. Glasgow, vols. iii. and iv. 5 Loc. cit., p. 610. 

^ Trails. Geol. Soc. Glasgow, Yol-iY.']^.24A. 

Trans. Gsol. Soc. Glasgovj, vol. i. 44 Ed. New Phil, Journ., vol. iii. p. 185. 

Annals Mag. N. Eist, 1863, vol, xii, p. 387. 

tt J. GfeiMe, Geol. Mag., vol. v. p. 393. 


Genus Bos. Zinnaus. 
B. longifrons. Owen. 


B. primigenius. FoJ. 


Genus Cebtus. Linnmis, 
C. alces. Linn. 
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? C. dama. Zinn, 

? C. elaplms, Zinn. 
C. tarandus. Zimi. 


Genus Equus. Zmnms. 
E. caballus. Linn. 

E. sp. 


Genus Megacehos. Owen. 
M. Hibemicus, Oiven. 


nym : AUes rnakhis, Gray. (J. A. Smith, Fro. 
Soc. Ant. Scotland, 1871.) 

Eeeorded by James Smith from Kilmani’S, in 
boulder cky. 

Do. do. do. 

Bed of the Clyde opposite Jordanbill {Scotihr ) ; 
Croftamie, Dumbartonshire, with shells in blue 
clay, about 18 feet from the surface. 

At Cowdon Glen, with the remains of Bos prirni- 
genius.* 

An almost complete sheleton, with the remains of 
Bos longifrons and Tellina calcarea, at iiinness 
Bum, St. Andrew’s, in blue clay. 

Interglacial beds at Cowdon Glen, Eenfrew- 
shire, f Synonym. : Cervus Megaceros, Hart. 
(The remains of this extinct elk were found in 
the shell marl of an old silted-up loch in the 
parish of Maybole, Aj’^rshire, i with those of 
Cervus elaplms and Bos primigemus ; wdth the 
antlers of Cervus capreohis, in a deposit of 
gravel, earth, and large boulders, probably a 
river accumulation, at Coldingham, Berwick- 
shire. § It seems most likely, however, that in 
the latter instance the remains were those of 
the true elk, Cervus alecs. ||) 


Genus Elephas. Zlnnceus. 
E. primigenius. Blum. 


Prohoscoidea, 

At Chapelliall, near Airdrie, the bone of an 
elephant w’as found at a height of 350 feet 
above the sea in laminated sand underlying 
till; Woodliill Q,oarry, Ivilraaui's, in a peaty 
deposit underlying sand, in which were glacial 
shells, and overlaid hy about 40 or 50 feet of 
till ; a tusk was discovered during the excava- 
tion of the line of the Union Canal between 
Edinburgh and Falkirk ; remains found at 
Cliftonhall 15 to 20 feet from the surface, in 
boulder clay ; Bishoi^briggs, near Glasgow. 


Carnivora. 


Genus Pagomts. 

P. foetidus. Grag. 


Bemains of seals have been found in red clay 
at Westfield of Auchmacoy, near Aberdeen 
{Zamieson);^ in laminated clay at Montrose; 
in brick-clay at Springfield, near Stratheden, 
Fife,^^ 150 feet above sea level, and about 16 
feet from surface ; a pelvis of a seal wms ob- 
tained from brick-clay at Tyrie, 30 feet above 
high-water mark; and at a depth of about 19 
feet ; ff at Portobello the remains of a seal 
were likewise found in brick-clay, 20 feet above 
high-water mark, at a depth of 15 feet from the 
surface. J J At Gamelon, in a bed of clay 90 feet 


^ E. Craig, Trans, Geal. 8oc. Glasg., vol. iv. p. IS. 

$ New Statistical Acc. Scot., 1845, vol. v. p. 353. 

I J . Hardy, Trans. BerwieJesh. Nat. Hist. Soc., vol. i. p. 247. 
fi Dr. J. A. Smith, Proc. Soc. Ant. Scot,, 1871, p. 325. 

II Quart. Journ. Geot. Soc., vol. xiv. p. M4. 

if Ailmah, Hd. New Phil. Journ., 1858, vol. viii. p. 147, 


i Loc. cit. 


Page, Geologist, vol. i. p. 538. 
Log. cit., 1859, vol. x. 
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i aLove the level of the Frith of Forth ; portions 
I of a skeleton were found in a brick deposit at 
i Errol; lastly, in sinking a pit on Towneroft 
i Farm, Grangemouth, seal bones were found in 
i a red clay, SO feet from the surface, and about 
I 68 feet helow sea level. From mud adhering* 
I to these hones, Messrs. Eohertson and Cross- 
J key obtained 

I asterizans., Cythcrojyteron 2iontromnse. The 
I majority of the remains mentioned in this list 
I have been examined by Prof. Turner, who pro- 
I nounced them to belong to the small arctic seal 
j {Pagmijs fcetUliis^ Gray), and not, as has usually 
j been stated, to I*hoca tHtulhuiy Linn. (Turiiex’, 
I Froc, Roy. Soc. Fd.^ 1869-70, pp. 105 — 114.) 
Isote. — The remains of Fos longifrom and Ros gyriimgmius were obtained in an 
old river-gravel in Glasgow ; the first in llutherglen Loan, the latter in Green- 
dyke Street. (J. Bennie, Trans. Geol. Soc. Glasgow^ vol. ii. p. 152.) 


EXPLANATORY NOTES REGARDING CERTAIN OF THE 
LOCALITIES MENTIONED IN THE FOREGOING LIST. 

Windmillcroft. — "Wlien compared with glacial deposits at other localities in the 
Clyde district the clay at Wiiidmillcroft is peculiar from the very scanty propor- 
tion of animal remains tbiind in it, no doubt arising* from the fact, that the con- 
ditions of deposition were less favourable than those of some other localities. 
The deposit consists of a clay bed with arctic mollusca, underlying* river gravel, 
and resting on a thick bed of white sand containing polished and striated honlders.'* 

Falmiiir^ FmnhartonsMre. — On the hanks of the Dalmuir burn, about eight and 
a half miles from Glasgow. This localitywas extensively explored and described 
by Dr. T. Thomson, Mr. Janies Smith, and again by Messrs. Robertson and 
Orosskey. From the examination of the latter investigators, it apipears there are 
two shell beds, an upper clay bed containing the mass of the shells, and a lower 
more sandy deposit, in which the shells are found in the best state of preserva- 
tion, and of larger size. The sandy bed is underlaid by stiff blue boulder clay 
without shells, and the whole capped h}^ water- worn gravel; SO feet above sea- 
level, f 

Cumbrae College. — A shell-bearing sand bed near tbe College, Isle of Cumbrae, 
described bj^ Messrs. Robertson and Crosskey, veho consider that it appertains to 
the older glacial deposits of the West of Scotland. It is peculiarly remarkable 
for the very large proportion of sand which enters into its composition; 32 feet 
above sea-level. J 

Lochgilp. — Near the bridge crossing tbe Crinan Road to Lochgilphead. At 
this locality the boulder clay is immediately overlaid by the shell clay, the usual 
laminated clay of the Clyde beds being* absent. There' is no transition from one 
to the other, the line of demarcation between the boulder clay and shell clay 
being sharp and distinct. The former does not contain any organic remains. 
The shell bed in addition to its fauna, which is very abundant, contains a few 
boulders, less striated, and smaller in size than those in the underlying boulder 
clay, and often with Serpulee attached. At one part of the deposit Mg a tnmcata, 
and its variety M. Utidevalensis^ occur in their natural position, with the valves 
united. § 

RiicJcnow Fh\‘ — Ardeer Ironworks, Ajwshire. There is evidence to show that 
here there was either a shell bed containing an admixture of true arctic and 
temperate shells, or else two beds, one with purely arctic forms, the other with 
temperate. Messrs. Robertson and Crosskey .point out that a commingling of 
arctic and temperate forms occur in several Norwegian post-tertiary beds. This 
was the first locality in the west of Scotland at wLich Zeda arctica was found. |1 

* Rev. C. H. Crosskey, Trans. Geol. Soc. Glasgow, vol, ii. p, 115. 

i Itobertson iind Crdsskey, Trans, Geol. Soc. Glasgow, vol. ii. p. 267. 

J vol. iii. p. 113. is Ji-W., p. IIS. |i J&iU, p. 127. 
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last Tarhert — A "bed of clay containing arctic sliells in tlie Black bum, at tlie 
north-east corner of Tarhert Loch, 12 or 15 feet ahoYe high-Yv'ater mark. The 
mollTisca are few in number both specifically and numerically. From the water- 
worn condition of many of the remains, it would appear that" this deposit contains 
a large percentage of transported organisms. Trochus heUcmus is Yery cha- 
racteristic.^ 

West Tarhert. — ^A shell clay on the south side of Tarhert Loch, near its head. 
Many of the shells in this bed, such as Tuccinum undatumj and Fecten Mandimis, 
attain a considerable size. t 

Crinan.—K thin shell-hearing stratum occurs on a small plateau on a promon- 
tory at the north side of No. II Lock, on the Crinan Canal, 30 feet above high- 
water mark. The shells are scarce and verj" fragmentary.^ 

Funtroon, — A stiff brown clay exposed at high-vnter mark a little to the south 
of Duntroon Castle. Amongst an abundant fauna, Fleur otoma pyramidalis is very 
cbaracteristic.§ 

Old Mains. — A shell bed, SO feet above sea-level, exposed in a tramway cutting, 
between the Houston Pit, No. 5, and Old Mains Farm, Eenfrew. The deposit 
consists of brown sand and earth with a large number of stones covered with 
JOalayiLl 

Faisley. — Throughout the Paisley beds, the organic remains are chiefly confined 
to the lower half of the deposit, hut they may occur in any part of the section 
from the boulder clay to the summit. Mytilus eduUs occurs in considerable 
abundance near the bottom of the section. IMessrs. liobertson and Crosskey 
remark that hitherto the boulder clay of the Paisley district has not yielded any 
vestiges of life, hut occasionally beds containing arctic shells have been found 
beneath the boulder clay. The same writers observe that the laminated clay, 
which has been regarded as tbe unfossiliferoiis base of the shell clay, is not unfos- 
siliferous, hut contains Fora/nmifera ” such as Folystomella striato-pimdataj &C.1I 

Garvel FarJs FFetv Foclc^ Greenock. — The fossiliferoxis clay here lies in a trough 
in boulder clay, and besides the usual shells of arctic type, characteristic of the 
Clyde beds, contains one or two additional forms of mollusca, not hitherto plenti- 
fully found in similar beds of the neighbouzFood. Much speculation has been 
caused by the very confused appearance presented by this deposit generally. 
Unfavourable opinions as to its genuineness have been advanced, but Messrs. 
Eobertson and Crosskey have arrived at the conclusion that the conditions of the 
deposit, both as regards the matrix and organic contents, are perfectly recon- 
cilable with established facts. 

KiWiattan Tile-ivorJCf Fiite. — A deposit of muddy sand, 15 to 20 feet above sea- 
level, containing shells, is here superimposed on the usual laminated clay resting 
on reddish boulder clay, at the north-west side of Kilchattan Bay. The charac- 
teristic shells are Tellina calcarea, Aximcs Jlexuosus, Serobi€ularia2^Tismat{ca, Cyprma 
Fslandica, Mya truncata, and Utrieuhis oUitsm. In the interior of many of the My a 
valves, thick patches of the muddy sand have become so firmly indurated, as to 
be scarcely removable. These patches appear to consist of a strong calcareous 
base. This deposit has been well described both by Mr. Jamieson and Professor 

GeiMe.ft 

Tangy Glen. — ^About six miles from Campbeltown, on the Tarhert road. At 
this locality may be seen the rarer phenomenon of the fossiliferous clay overlaid 
by boulder clay of a dark reddish brown. Organic remains are rare, especially 
the Mollusca. Both the. latter and the Ostracoda more nearly resemble those 
found in the fossiliferous beds of the east than of the west of Scotland, the former 
of which''are generally considered to he much more arctic in character. The pre- 
vailing shell is leda pygmma. Two other forms rare in Scotch glacial beds are 
Fecten Grce^ilandiciis mA Montacuta elevata.^^ 

Caithness . — The boulder clay of Caithness rises in many places to a height of 
200 feet above the sea level, and varies in thickness from 60 to 80 feet. It is a 
tough and compact mass, with numerous striated and polished boulders, and 
resembles in general appearance the till which contains no shells. The frag- 

* Trans. Geol. Soc. Glasgow, vol. iff. p, 321. t ZUd., v. 324. t Ibid., p. 327. 

I Ibid., p. 328. 11 Ibid., p. 331. IT pp. 334-341, 

JWcf., vol. iv. pp. 32-45. -It pp. 12S-133. 

15 Trans, GeoL Soc. Glasgow, vol. iv. pp. 134-137. 
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mentaiy remains of molliisca are scattered \ritlioiit order tliroiigh tlie general 
mass, many of them striated, some few portions of the epidermis still 
remaining and hardly any in a good stats of inesei’ration, certainly in the case of 
hivalves, never with the valves united. Here and there nests and pockets of 
sand are met with. * 

Montrose, — In a dull red to gTeenish grey laminated clay, forty feet above the 
sea-level, occupying the estuary valley of the South Esk, arctic shells, many ' 
pieces of chalk, and the hones of a seal have been found. t 

Cowdon GIen,—hx a section on the Crofthead and itahnarnock Eailway, in 
Cowdon G-len, Iseilston, Eenfrewshire, are exposed a series of clay, sand, gravel 
and peaty beds, in hollows between two beds of till. From these beds, evidently 
of lacustrine origin, have been obtained numerous genera and species of Diato-> 
maeece, Demnidem, Entomostracaf mosses, and the remains of many plants. In 
addition to the foregoing, a portion of the skull of Bos primigenius, hones of the 
great Irish elk and the horse have also been obtained from these beds. 

JCilmaurs . — Sandstone quarry of Woodhill, near Kilmaurs. At various time.s 
during the past half century, the remains of the mammoth and reindeer have 
been found in a peaty layer between two thin beds of sand and gravel, overlaid 
by till or honider clay, and resting diinctly on the sandstone rock of the quarry. 
From their position, it has been contended by some writers, that these remains 
are of preglacial origin, hut an extended examination of the neighbourhood does 
not bear ont this view. It axapears that the bed of sand and gravel in which the 
remains were found, is only one of numerous similar intercalated deposits. The 
bed rock rises up here and there into prominences, giving it a very irregular 
surface, and it was probably against one of these that the remains were washed, 
a lower boulder clay or till appearing in the deeper irregularities of the rocky bed. J 
Chapelhall . — Near Airdrie. In a laminated sand underlying till, a bone of the 
mammoth was found about three liundi-ed and fifty feet above the sea-level. 
Professor Geikie remarks that the ground has been so altered in mining opera- 
tions, that it is impossible to fix the exact condition under which this hone was 
found. § TeMina calcarea was found at this locality in brick clay between two 
beds of till, at a height of 510 feet above sea-level. (Smith, Eesearches^ p. 141.) 

Sferenston . — The shells recorded from this locality were obtained from a bed of 
blue clay 9 feet thick, underlying 30 to 40 feet of sand.|| 

Cornton . — Near Bridge of Allan, A clay was discovered in a burn behind 
Christie’s Brick-work, from which were obtained some years ago the bones of a 
whale, at a de]3th of 9 feet from the surface, together with pieces of the hark 
of the alder and nuts of the hazel. This deposit is most probably a post-glacial 
or recent accumulation.^ 

Croficmiie. — Dumbartonshire. At about one hundred feet above the level of 
the sea the horn of a reindeer was discovered in blue clay’-, 7 feet in thickness under 
till, accompanied by arctic shells, in all about eighteen feet fr-om the surface.^'** 
Annochie . — Five miles north of Peterhead, on the Aberdeenshire coast. The 
shells occur in a bed of fine clay a few feet above the sea-level, passing under- 
neath the beach ; they are entire, with the epidermis preserved, hut very much 
decayed.ft 

Belhelvie . — A clay pit five miles north of Aberdeen, and from 30 to 40 feet 
above high-water mark. The shells are fragmentary and occur in a black 
stratum in laminated clayT- which rests on boulder clay, 

EllisMU. — Ptailway^ cutting three miles west of Peterhead. The shells are 
found in a red clay at an elevation of 120 feet above the sea.§§ 

Gamrie . — Seven miles east of Banff. Shells occur in a thin sand bed at an 
elevation of about one hundred and fifty feet, The mass of the deposit, consist- 
ing of fine sand and clay’-, extends to a height of 300 feet.|||| The fauna is not so 
intensely arctic as that of Elie and Errol. 

• C. W. Peach, Proc. Eoy, PTiys, 80c. Ed.^ vol. iii. pp. 3S, 336. 

+ J. 0. Howden, Trans. Geol. Soc. Ed., vol. i. p. 141. 

$ Geikie, Mems. Geol. Survey, Expl. 22, Scotland, 

5 Glacial Erift of Scotland. Trans. Geol. Soc. Glasgow, 

II Landsborough, Proc. Geol. Soc., vol. iii. p. 444. 
tr J. Haswell, Geol. Mag,, vol. ii. p, 182. 

* * Dr. J. A. Smith, Proc. M. Ptiys. Ed. yoI. i. p. 247. 
ir-l' Jamieson, Quart. Journ, Geol. Soc., vol. xxi. p. 198. 

Ibid., p. 196. l!ll Ibid., p. 196. 
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Kmg-lilclmrcL-—YixB miles soutli-soutli-east of Banff. Shells found in silt and 
gravel at an elevation of from 150 to 200 feet, and overluid by boulder clay ; 
some of them entire and w 

Tyrk , — Near Kinghom, Fife. The shells at this locality were first made 
known by the late Dr. Fleming. 

Ini'ernetfie , — A brick- work, one mile south of Peterhead.*' 

Auchlmchrks. — Twenty miles north of Aberdeen. Shells occur as broken 
fragments in a thick mass of gravel, about three hundred feet abo ve the sea- 
level.t 

Pt)r,/t35£ ?/£).— At the brick and tile works near Portobello, brick-clays are well 
exhibited, constantly containing Foratuimfera, jEntomostraca, and occasionally 
shells. Hugh Miller andProf. Geikie record the occurrence of Scrohwulariaplperata, 
nuts of the hazel, branches of the oak, beech, thorn, and other trees. J In Aber- 
corn hrick- field S,piperata occurs in its natural position. Pebbles of chalk and 
flint and nests of sand are frequently met with. The latter also contain pieces 
of chalk, flint, grit, together with Foraminifera, Bntomostraca^ and shelly dbbris, 
which appear to he different from those in the clay itself. These deposits are 
probably in part postglacial. 

BUe . — On the .Fife coast, eleven miles south of St. Andrews. Shells are con- 
tained in a bed of sandy-clay passing out to sea, and are not in a good state of 
preservation. The fauna of this bed is decidedly arctic in character, more so in 
fact than in most other localities. § The bed varies in position from high-water 
mark to 4 feet above it. 

BrroL — Clay pit on the north side of the river Tay, eight ’miles east of Perth. 
The clay from which the shells are obtained is about forty-five feet above the 
sea-level, and is remarkable for the intensely arctic character of its fossils. It 
lies in a trough of boulder clay, and is distinctly laminated in the low^er part, 
w'here the shells are also more abundant. Beda arctica is obtained here.|| 

Towneroft Barm. — Near Grangemouth. At this place a shaft was sunk through 
alternating beds of sand, mud, gravel, clay, and till, to a depth of 150 feet. At 
a depth of about eigthy feet, the hones of the small arctic seal {Bagomys foitidus, 
Gray) were found, accompanied by two si^eeies of Boramlnifera : Boh/morjiMna 
comprmaf H’Orh., and Bkjiwriina F. and M. In the saiiie shaft, at 

a depth of only 4 feet from the surface, a portion of a horn of a large red deer 
was met with in blue mud and sand. 

Mothesay, — In the course of an excavation for a gasometer in the town of 
liothesay, a shelly clay was cut, underlying a bed of stratified sea-sand, which 
was again overlaid by a stratum of moss. 

Arran. — The boulder clay of the south of Ainan is a coarse red sandy clay, full 
of stones, and at times loose and gravelly, but at others dense and hard, occa- 
sionally traversed by beds of sand and clay or bands of stones. Shells are found 
both in the boulder clay and in the laminated beds ; when in the former they are 
usually much broken. In two places vegetable remains ’were found in the 
boulder clay, apparently heather stalks. Mollusca, sixteen species, and one 
doubtful.lT " The Bntomostraca w^ere obtained in a shell-hearing clay on the banks 
of the Cloined Burn, near Lag Arran.** 

Jo7'dankiU Brick-ivorh . — One mile north-west of Particle, Glasgow ; an arctic 
shell bed overlying laminated clay or mud, not rich in shells or other animiil 
remains, and those present even in a had state of preservation. The deposit is 
63 feet above sea-level. abundant, ff 

Btabeross . — ■Pailwmy cutting between Galbraith Street and Sandyford Street, 
Glasgow — ^nearly parallel to and north of the Clyde. A laminated clay, usually 
of a sandy character, of later date than the neighbouring boulder clay, and con- 
taining a* purely marine fauna.JJ 

Brng/ieldymar Govan.^H^o of deposits are present at this locality, an 
upper and lower. The former of these is probably not of glacial origin ; the 
latter contains a species of Oytheropteron Montrosiense met with in certain clays of 

* Jamieson, Quart. Journ. Geol. Soe., vol. xxi p. 19T. t p. 196. 

t Geikie, Hems. Geol. Smvef/, M^Tiioir 32, Scotland, p. 12S. 
if 5 Jamieson, Jowra. GeeZ. £foc., vol. xsd. p. 196. 1! J&iJ. 

IT Eev. J. B. Watson, Trans. Boy. Soc. Ed., lS64, sxiii., pp. 523-546. 

** Id. Ibid., pp. 255-66. ++ Eobertson and Crosskey, Mon. Post. -Ter. Ostracoda, p. 8. 

%% F^.dxAG., Trans. Geol. Soc. Glasgow, 
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tliG ©asfe of Scotland, wliich. arc natially considered to be of a more arctic cliaiacter 
than those of the west. The lower deposit consisted of a dark grey clay.^ 

Taisk^ Canal (Ho wan Bridge).— A grey clay with Mytilm echilis abundantly 
dispersed, and associated wdth Tellina calcarea.y 

hippie Tile-tvorJcs, — Three miles east of G-irvan. There are at this locality 
three beds showing a direct passage from, marine thi-ongh brackish to fresh- water 
conditions, viz,— 1. Clay with marine shells ; 2. Grey clay with chiefly fresh and 
brackish water forms, and a few marine; 3. Laminated clay with fresh- water 
forms.J 

Kyles of Bute. — General sequence of the beds appears to be from below 
upwards, viz. — 1. Unfossil iferous boulder clay; 2. Laminated clay with Foly- 
stomella. striato-^nmctata (occupying a similar position at Paisley, &c.) ; 3. Arctic 
shell bed. At some localities there is, resting on the last, another shell bed, 
exposed at low water, and containing Fecten maximiis, Ostrea edulk, Aporrhdis 
pes-pelicanf which is distinct from the arctic shell bed, and must not be confounded 
with it. f 

Kimwss Burn. — ISTear St. Andrews. A bed of bluish brown clay near the mouth 
of this burn contains shells and mammalian remains, and portions of ,the oak and 
bii‘ch, apparently deposited in a hollow scooped out of red boulder clay, and 
underlaid by brick clay. Mr. Walker supposes the deposit to have accumulated 
towards the close of the glacial period.!! 

Garnoek TFater . — At a meeting of the Glasgow Geological Society, on the 30th 
March, 1876, Mr. B. Hobertson read a paper, “Notes on a Post-Tertiary Deposit 
on the Banks of Garnoek Water,” 200 yards to the south-east of Kihviuning Iron- 
•works. The exposed section, w^hich is 22 feet above sea-level, show's, going dowm- 
wards, 2 feet of stratified sand and gravel ; shell layer about 10 inches thick ; and 
boulder clay upon which it rests. In all loO species were obtained, amongst them 
being Yehitina undata (Smith), a high northern form rarely met with in the 
Clyde beds. The shells in general agree with the Balmuir and Old Mains 
deposits. 

JDiimharton. — A bed of glacial clay occurs at the south end of the bridge, cross- 
ing Leven Water, lo to 18 feet above sea-level. The same clay occui’S in patches 
a few feet above high-water mark all along the bay on which Helensburgh 
stands, f 

Inchlonaig Islands. — Loch Lomond. A bed of dark grey clay, exposed when the 
lake is low, thickly interspersed with shells.'** ^ 

Barry. — Forfarshire. The clay here has the same general character as at Dry- 
leys, and is decidedly arctic in character. It lies along the estuary of the Tay in 
a gully in the most recent of the raised sea-margins.ft 

Dry Near Montrose. Thick mass of clay at a brick- works, 40 feet above 
sea-level. 

Glashmaiiaw Tile-ivorks. — One mile south of Stranraer, Wigtownshire. A bed of 
brown and another of blue clay (brick clays), with, as a rule, ill-preserved shells ; 
Leda arctiea, hov'ever, has its epidermis preserved, and may he obtained tolerably 
wfliole.JJ 

Terally BricJc-ioorhs . — ^Three miles north of Drummore, Wig-townshire. A small 
patch of greyish-browm, stiff, fine clay, containing few stones, and imperfectly 
laminated; fiiuna highly arctic. |||| 

Fort Logan Cliffs . — Four miles north-west of Drummore, Wigtownshire. A 
sandy patch in the boulder clay at the south end of the bay.lf^lT Messrs. Hobertson 
and Crosskey mention a stiff clay, with fragmentary and water- w'orn shells resting 
immediately on the rock.*** 

Monreith Tile-ioorks.—Kbo'Q.i five miles west of Whithorn, Wigtownshire. There 

* E. and 0., Trans. GcoL Soe. Glasgow^ iv. pp. 245-51. + Id. Ibid., pp 251-52. 

% Id. Ibid., pp. 252-54. 

5 Robertson and Crosskey, v. pp. 29-35. 

il AnnaFs Nat. Hist., 1864, xiv. pp. 200-209. 

IT Robertson and Grosskey, Mon. Post.-Tert. Ostracoda, p. 41. 

Id. Ibid., p. 42. Id. Ibid., p. 75. tt Id. Ibid., p. 75. 

Irvine, Mams. Gaol. Survey, Scot. Exyl. 3, p. 23 ; and R. and C., Monogrny'h, p. 83. 

1111 Irvine, IHcZ., jE'xyZ. i. p. 9 ; and R. and C., Zoc. cii., p. 69. 

1T1T D. R. Irvine, J/ms. i- P* 8. 

Robertson and Grosskey, Mon. Fost.-Tert, Ostracoda, -^. 69. 
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is liere an upper reddisli-'bro'wii ratlier fria'ble clay, witli scratclied stones, and a 
lo'wer stiff "bine clay, •witli few stones, and shell fragments.* 

Fort The deposits underlie other strata which may helong to the 

honlder clay series* A few of the species lire now in northern Caithness, The 
assemblage is regarded as Scandinavian.t 
Moiiston Clmj Field . — Two and a half miles north-west of Paisley. Two shell 
beds were investigated by Mr, J. Ooutts, one at ten feet, the other at twenty 
feet, from the surface. The organisms in the lower clay are dwarfed. The 
clays probably lie in hollows of the bonlder clay, Froo. JSfat. Mist. Soc. Glasgow, 
1876, pp. 336—342. 


KOTE P., 

Mab AND Sections op Loch Lomostd. 

This map and the accompanying sections are the work of my friend, Mr. K. L. 
Jack. The sections are drawn on a true scale (same as the map), and are 
designed to give a clear idea of what is meant by a true rock-basin. It will be 
observed that the lake is deepest in its narrow upper reaches, where, half way 
between Inverness and Tarbet, it attains a depth of 100 to 105 fathoms. In its 
lower and wider reaches it shallows to 20, 12, 5, and I fathom. But so gradual 
is this shallowmg, that were the lake to be drained of all its water, should 
hardly be able to discover, without levelling, w^hicb was the deepest part of the 
hollow. The horizontal section brings out this feature in a striking manner. 
"When, therefore, mention is made of a rock-basin 100 fathoms deep, we are not 
to think of a profound hole like a huge pit, but of an elongated cavity, over^ 
looked it may be on both sides with more or less steep mountains or bills, and 
sloping in Irom both ends at a degree of inclination so slight, as to be imper- 
ceiitible to the eye. Were the Lake of Geneva to be drained, its bed would 
have merely the appearance of a great plain (yet that lake reaches a depth of 
980 feet), and the cavity ’occupied by Loch Lomond would not be more con- 
spicuous. 

Loch Lomond is a very interesting and satisfactory example of a rock-basin. 
We are quite sure of its depth, because it has been sounded all over by the 
opcers of our navy, and we know that it does not lie in a line of dislocation 
or gaping fissure, neither is it crossed by any such fractures or displacements, 
still less does it owe its origin to an unequal movement of elevation or depres- 
sion. It is as excellent a specimen of an excavated basin as the heart of a 
glacialist could desire. 


NOTE E. 

Map showing the Phincipal Dihectiok op the Glaciation op Scotland. 

Thenarliest general sketch-map of Scotland, showing the direction of the 
glaciation, is that which accompanies my brother’s paper On the Glacial 
Phenomena of Scotland,” published in the Transactions of the Glasgow Geological 
Society. Since the date of that publication our knowledge has greatly^ increased. 
A large part of the midland and southern districts of the country has been sur- 
veyed by the Geological Survey, and to their maps I must refer those who desire 
detailed information. I have not foimd it possible on the present small map to 
indicate all the places where strim have been observed by the Survey, for in 
many cases they are so closely set that a very large scale would be required for 
the purpose. Those who have been engaged on the work of the Survey in the 
districts referred to are Professor Geikie, Dr. (now Professor) Young, and Messrs. 
B. N. Peach, H. M, Skae, B. L. Jack, J. Home, D. B. Irvine, and myself. 
Another observer, Mr. Jolly, has also published a short account of some part, of 

j. Craik, Jfcws. ireoL JSarjpZ. ii. p. 9, 

t J. Gf. Jeffreys, Brit . Assoc . BegorL , 1808, i. s . f . 73, 
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the Merrick district in GalWay. In the noi+h nf iv , • . , 

to our knowledge have been made hr Mr Jamieson wTinti^^t 

of Caithness, and noted a number of looaiitie™on the glaciation 

and along the coasts of the northwest ffi^lands M? c 

described the glaciation of the Shetlands- Br 1^^^ 

direction of the glaciation in the Montrose district- flTj *r® 

cated the direction of the strim in some of tS 

and I have given an account of the glacktion of S Hehndes * 

S JL\“oXrsV2erarof tS Sat%^er1 aSe^tf 

SS^Sdeu!^" gla'ciatA ScottandSt 

The direction of the glaciation in the hasin nf fT»A . 

From a study of the map it will he observed that thn ^ stpking. 

the vale of lie Leven and the GarlXinst^d M flolkt 
Frith of Clyde, was forced away to south-east and east evnnfnAlf 
whole breadth of Scotland, and doubtless coalescing at last with the^sSnfvian 
, ice-sheet. From this we may imagine how great muqt hnxm f 

tion of glaoier-ioe that ffled tip the lower reaches of the Frith of ClydTand 
poured southwards over the hod of the Atlantic towards the south-westSof 
Scotland and the north of Ireland. It wUl be noticed, moreover, that at -Various 
places tbe stam cross and reoross, and there is sometimes an appareS Snf™ 
especially on tbe high grounds that e.vteud from llenfrewshire into LaSS 
These cunons appearances are duo-first, to the meeting of the two St 
opposmg streams from north and south ; aud second- to the removal of obstoic- 
faons to the natural flow ot the loe during the retreat of the great mir Snlll 
The two colossal loe-streams met somewhere above Hamilton. Certain apCarl 
anoes would evim load one to infer that the highland stream sometimes reached 
as far south as Lesmahago^w; for Mr. B. N. Peach got scattered fragmenk of 
mioa-sohist, gaeiss, and other typical highland rooks in the till of that district. 
But it IS evident that the region between Lesmahagow and Cambiislang was a 
kind of debatable ground upon which the rival ice-streams were Uable to ocoa- 
sional deflections. The general trend of the stri® west and south-west of 
Sti-athavon, however, clearly indicates that the high grounds in that district 
were glaciated by the ice that streamed outwards from the Highlands If we 
draw an undulating line from the sea-coast near Ayr, north-east to the valley of 
the Irvine, and thence across the watershed into the Avon, and east to Lesmaha- 
gow, then doum the valley of the Clyde to Carluke, sweeping it awav to the east 
by W ilsontown, and thereafter continuing it along the crest of the Pentlands 
and the northern slopes of the Lammermuir Hills, by Eeston and Ayton to the 
sea, we shall roughly indicate the meeting-place of the two great ioe-streams 
-4.11 along this line we have a “ debatable ground” of variable breadth, throu-rh- 
out which wo And a commingling in the till of stones which have come from the 
nortli tiii^ soutli* feoiitli of it clitircictoristic lii^lilciud. stonos do not ogcuTj cind. 
north of it stones _ derived from the south are similarly absent. When the ice- 
sheets were melting back, and so breaking up into a series of gigantic local 
glaciers, the direction of flow occasionally became modified. The hiohland 
glaciers, ho longer hampered in their course by the ice piled up upon the low 
grounds, were enabled to follow the natural slope of their beds ; and this o^ave 
rise to another set of striae. Examples of such cross-hatching of strife occur, as 
my colleague, _Mr. Jack, has proved, very abundantly in the basin of the Clyde. 
During the climax of glacial cold the lower reaches of the Frith of Clyde were 
choked with ice descending from the mountain glens of Argyleshire, and hence 
the ice that streamed down the Gareloch and the valley of the Leven was forced 
to overflow the high grounds behind Greenock, and so to continue on its way 
the valley of the Clyde towards Glasgow. Hereabouts tbe pressure of the” ice- 
sheet advancing from the south began to be felt, and a portion of the highland 


111'. Campbell constders that these islands have been glaciated by sea-iee coming from the 
nortti-west, ^?hile on the other h;md, my observations in Le^is compel me to believe that the 
glawatmg agent WiiK laiid-icu streaming outwards from the mai.nland. My colleague, Mr. 
K. Mhmdgerta aueompanied me during my last visit to the Long Island, also con- 
cinclea that the glaciation had been cfl'ected by land-ice coming from the sonth-sasL 
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ice- stream 'becaine deflected, flowing first south-east, then south, and last south- 
west, while another portion continued on its easterly course across the whole 
breadth of the country to the North Sea. 

In chapter xxiv. I have spoken of the undertow ” of the ice-sheet, and 
endeavoured to show how the lower strata of the massive ice-sheet might he 
deflected, while the upper portions of the stream flowed on in one continuous 
direction. There is abundant proof to show that this was the case in a less or 
greater degree in almost every part of the country. The stria3 are deflected by 
isolated hills and projecting bosses, while the general direction of glaciation 
remains unchanged. Nor is there wanting evidence that vpould lead one to 
infer that here and there the lower strata of ice followed one route, while the 
upper strata w^ere moving in a direction nearly at right angles to the course of 
the ice helow. 
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Abeiideenshire, drift deposits of, 166 ; 
arctic shell-beds of, 254 ; raised beach 
of, 300 

Aberdeen, submerged x^eat at, 308 
Acts of Scottish Parliament relating to 
forests, 316 

Adhemar, M., on disturbances of earth’s 
centre of gravity by polar ice-cap, 
487 

Admiralty charts of Scottish seas, 280 
JEneas Silvius on scarcity of woods in 
Scotland, 317 

Agassiz, Prof., his glacial theory, 20 ; 
on temx^erature of glaciers, 32 ; on 
parallel roads of Glen Poy, 227 
Age of palmolitliio deposits, 521, 536 
Airdrie, arctic shell-bed near, 163, 175 
Alaska, ossiferous remains of, 556 
Alder, 306, 308^ 324 
Allermnir Hill, till on tox^ of, 74 
Alluvial and postglacial deposits, 297, 
305, 321, 324, 398, 406, 410, 416, 427 
Alx)S, ancient glaciers of, 420 
America (see North America) 

Andrews, Prof. E., on Illinois drift, 
449 

Anglesea, glaciation of, 336 

Annan, valley of the, 68 

.Antarctic ice- sheet, 80; climate, 109; 

drift-current, 108 
Anticlinal arches, 271 
Aosta, glacial deposits in Yalley of, 
429 

Apennines, old glaciers of, 400 
Apuan Alps, old glaciers of, 401 
Arago, M,, on effects of eccentricity of 
the earth’s orbit, 102 
Arctic fox and hare, 52 
Arctic regions, trees in, 557, 558 
Aa-kansas Yalley, ancient glacier of, 
457 ' 

Arran, shelly till in, 168 
Arthur’s Seat, 14 

Asar of Sweden, 407 ; origin of, 4p7 
Asia, ancient glaciers in, 402; climate 
of northern, 515 ; distiihntion of ex- 
tinct maimnalia in, 554 
Astronomical theories of climatic 
changes, 85, 95 
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Atlas Alountains, traces of glacial action 
in, 402 

Atmospheric denudation inrecent times, 
321 

Auvergne, old glaciers of, 401 
Avon Kiver, physical featuies of valley 
of, 133 ; preglacial course of, 138 ; 
^avel of, 221 

Axis of rotation, change in position of 
the earth’s, 85 
Ayrslrire, shelly till of, 167 
ALZores, icebergs met with near, 57 

Back, Caet., on scenery of Barrens, 
447 ; on sand hUls, 477 
Baer, Yon, on rock-dehris in Novaia 
Zemhlia, 42 
Baffin’s Bay, 52 

Bald, Air., on mammalian remains at 
Y'oodliill Quarry, 160 
Ballantrae, shelly till at, 167; shelly 
clay at, 254 

Baltic, the, filled with glacier-ice, 404 
Barren grounds of North America, 447» 
477 

Barry, shelly clay at, 254, 258 
Bath, traces of ice-action at, 362 
Bay of Skaill, submerged peat in, 307 
Bear, 343, 391, 424, 499, 501, 509, 548, 
549 

Beaulv Loch, submarine hollow in, 286 
Beaver, 325, 343, 391, 430, 509 
Bedford, tni of, 350 
Beech, 453 

Beechey, Capt., cited, 556 
Belcher, Sir E., on trees in arctic 
regions, 557 

Belhelvie, submerged peat at, 308 
Bell, Hr. A., on Wexford gravels, 395 
Bell, Air. D., on glacial lake near Glas- 
gow, 146 

Belt, Air. T., on cause of glacial climate, 
111; on origin of Siberian tundras, 
556 

Benbecula, sea between, and mainland 
filled with ice, 291 
Ben Cleugh, till on, 74 
Beneraird, morainic debris of, 197 
Bennie, Air. J., cited, 145, 258 
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Bemedale, drift near, 180 
Bermck, till at, 166 
Berwiclisldre, kanies of, 212 
Bii'ck, 127, 606, 308, 424 ; American 
•wMte, 4ol 
Bison, 509, 554 
Black Cart Water, 147 
Black Forest, old glaciers of, 401, 421 
Blackpool, skelly till at, 338 
Black sx3ruce, 451 
Blair Drummond moss, 301 
Blown sands, 303 

Blytt, ]Mr. A., on -pesct of Norway, 417 
Boar, 325, 509, 548 
Boetliius cited, 314 
Bogton Lock, a rock-basin, 283 
Border Counties, drift of, 13 
Borings througk drift deposits, 119, 
141, 145, 148, 361 

Bos louffifrom, 325 ; B.pnmigcnms, 127, 
325, 391, 424, 549 ; B, taiiriis," 
Botlmia, Gulf of, j^led with glacier 
ice, 404 

Boulder-clay (see Till) 

Boulders (see Erratics ; Till) 

Boyd, AD. E, F., cited, 142 
Brandon, ckallsy^ till near, 356 
Brick-clays of Scotland, 253 
Bridlington, skell-ked at, 352, 366 
Bristol Ckannel occux)ied ky glaciers, 
363 

Bidtain, continental condition of, in 
postglacial times, 310, 318; in pjre- 
glacial times, 387 

British Columbia, ice-action in, 403 
Bronze Age, 495 

Brown, Dr. E., on ice-action in Britisk 
Columbia, 403 

Brown, Eev. T., on diatoms in deposits 
of Parallel Eoads, 229 
Bryce, Dr., cited, 78, 161 
Buckeye, 453 

BucMand, Dr., cited, 364, 524 
Buffalo, 464 
Bure YaUey beds, 343 
Biu'ied forests, 303, 305, 417 ^ 

Buried river-channels, 133, 142, 145, 
387 ; freshwater beds in, 143 
Burstwick, sections near, 372 
Bute, Island of, glaciation of, 78 
Butt of Lewis, shelly tills of, 168, 182 

CABEMum Hilb, old course of Tweed 
near, 144 

Caimsmore, boulders from, 197 
Caitlmess, vinter temperatime of, SS ; 
shelly till of, 165, 178; absence of 
kames in, 222; submerged peat of, 

308:'' ■ 

Calder Y^ater, physical features of its 
valley, 133 ; buried river-channels 


intersected by, 139 ; gTavel of the, 
221 

Cambridge, till of, 350 
Cambuslang, 72, 609 
Campbell, Mr. J. F., on glaciation of 
Hebrides, 78, 609 

Campbeltown, drift beds near, 102, 174 
Canada, glaciation of, 456 
Cauna Bound, rock-basin in, 289 
Canoes in x)ostglacial dei3osits, 301 
Carbarn, interglacial beds at, 129 
Carintliia, glacial deposits of, 420 
Carniichael Water, interglacial beds of, 
125 

Carnwatli, kames at, 212, 218 
Carx)enter, Dr., on cause of ocean cur- 
rents, 113 

Carron Y^ater, kames of the, 220 
Carse of Gowrie, 300, 308; of Fal- 
kirk and Stirling, 300 
Carstaii's, kanies at, 212, 218 
Casella, Dr., cited, 441 
Casiano de Prado, on old ice-action in 
Gafficia, 401 

Casina Eizzardi, morainic depiosit at, 44 1 
Caucasus, glaciers of, 402 
Cave-bear (see Bear) 

Cave deposits, 499, 501 ; age of, 524 
Caves in limestone, how formed, 4-98 
Cedar, 451 

Cevennes Mountains, traces of ancient 
ice-action in, 401 
Chalk in brick-clays, 258 
Chalmers, Mr., cited, 315 
Chambers, Dr., cited, 228, 297, 299, 
414 

Channel Islands, sunk forests of, 309 
Chaiitre, M., on ancient glacier of the 
Ehone, 421 

Chapelhall, Lanarksliire, interglacial 
beds at, 126, 163, 175, 189 
Cheriot Hblls, till on, 74 ; moraines of, 
217 ; smothered by ice, 336 
China, glacial xeheiiomena in, 402 
Chorol?:, moraines in valley of the, 402 
Olanyard Bay, shelly till at, 167 
Clay dykes, i39 

Oleish Hiils, overflowed by ice, 74 
Cleland, buried river-cliaimel at, 139 
Gleshmahew, shelly till at, 168 
Climate, cosmical changes of, 82 ; 
former mild, in arctic regions ; alter- 
nations of, 83 ; hypothetical causes 
of change of, 85 ; influenced by vary- 
ing distribution of land and sea, 86 ; 
of Britain, to what due, SS ; of inter- 
glacial periods, 155, 263, 373, 395, 
406, 425, 440, 454, 461,462; of post- 
glacial Britain, 311, 318; of post- 
glacial Norway, 417 ; of j)al£Bolitliic 
period, 508 ; of Europe, to what due, 
514; changes of, during formation of 
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peat of IFenland, 543 ; in Europe 
during pal£eolitliio and late glacial 
tiiiaes, 552 

Ooined Burn, Arran, shelly till in, 16S 
Clyde Yalley, direction of stri® in, 66, 
609 ; features of, 133 ; morainic debris 
of, 197 ; kanies of, 218; boiings in, 
146, 1 48 ; superficial deposits of, 146 ; 
terraces in, 297 ; raised beach of, 300 ; 
shelly clays of, 253, 254, 255, 260 
Cockburnspath, kanies near, 212. 
Collomb, M., cited, 241, 401 
Coll, submerged peat at, 309 
ColinoneU, morainic debris at, 197 
Gomalla, Sig., cited, 430 
Conan, rock-basin in valley of the, 284 
Connel Eerry, gravelly moraines near, 
216 

Continental condition of Britain in 
postglacial times, 310 
Contorted bedding*, in beds accompany- 
ing till, 122 ; in brick-clays, 25 S ; 
at Cromer, 343 
Conybeare, Mr., cited, 364 
Corals, &c., from arctic regions, 93 
ComMU, kanies at, 212 
Cornwall, traces of ice-action in, 362 
Correlation of Scotch interglacial beds, 
187 

Covington, section of drift near, 123 
Cowdon Burn, interglacial beds in 
valley of, 127 
Cox, Prof., cited, 452 
Crag and tail, 15, 76 
Craiglockliart Hill, interglacial beds 
at, 126 

Craig, Mr. E., on interglacial beds, 126, 
161 

Crawfurdland Water, gravel of, 221 
Crawick Water, gravel of, 221 
Cretaceous strata in ]\Ioray Ekth, 179 
Criffel granite, erratics of, 246 
Croftamie, shelly-clay below till at, 164 
Croll, Dr., on glacier motion, 31 ; on 
antarctic ice-sheet, 40 ; on till of 
Allernmir Hill, 74; on effects of 
eccentricity of the earth’s orbit, 103 ; 
on cause of ocean currents, 107 ; on 
canse of cooler mean annnal tempe- 
rature of Southern Hemisphere, 109; 
on climatic effects of increased ob- 
Eqnity, 110; on date of glacial epoch, 
114; on interglacial bed at Craig- 
lockhart Hill, 126; on old course of 
the Kelvin Water, 145 ; on old buried 
channel between Kilsyth and Grange- 
mouth, 151; on Caithness till, 179; 
on extent of the ice-sheet in England, 
363 ; onsubmergencecausedhy weight 
of polar ice-cap, 487 
Cromarty Erith, submarine hollow in, 
286 
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Ci'omer drift, 342, 391 
Crosskey, Eev. 0. H., cited, 162, 163 
Crudens, preglacial beds of, 162 . 
Culhin, blown sands of, 304 
C}nrena-beds of Kelsea Hill, 377 

Dana, Pnor., on thickness of Korth 
American ice-sheet, 459 ; on oiigin 
of houlder-clay, 459 ; on flood-gravels 
of Hew England, 471 ; on raised 
beach of Kew England, 480 
Daintree, Mr., cited, 568 
Dalmellington, morainic [ debris near, 
197 

Darwin, Mr., on erratics, 202 ; on alter- 
nations of climate affecting distribu- 
tion of j)lants, 483, 485 ; on former 
glacial action in South America, 484 
Dauphiny, moraine profonde in, 421 
Daris Strait, 52 

Dawkins, Mr, Boyd, cited, 508, 509, 
512, 516, 523 

Dawson, Mr. G. M., on glacial phe- 
nomena of Canada, 457 ; his *vfiew of 
a great submergence in Korth .cime- 
rica, 472 

Dawson, Prin., on till of Canada, 449 ; 
on shelly tin of St. Lavurence, 450, 
456 ; on peat below till, 454 ; on 
traces of former glacial action in Si- 
liu'ian and Carboniferous strata, 569 
Deas, Mr., cited, 148 
Debacles, 23, 224, 230, 236, 244, 248, 
365, 385, 392, 468, 470, 474, 534, 
o41 

Debatable ground between rival ice- 
fiows, 72, 609 
Decay of peat-mosses, 320 '; 

Dee, kanies in valley of the, 220 
Deer, 343, 391, 424, 430, 509, 548] 
Deflection of ice-flows, 72, 180, 181, 
336, 363, 382 
Deflection-basins, 289 
De Laske, Mr. J., on erratics of Mount 
Desert Island, 479 
Denmark, sunk forests of, 309 
De Eance, ]VIr., on glacial deposits of 
north-west of England, 337, 339 ; 
on origin of shelly honlder-clay ; 
339; on English postglacial beds, 398 
Denudation in postglacial and inter- 
glacial times, 321 

Deshayes, M., his mode of ascertaining 
antiquity of Tertiary deposits, 433 
Desmids in glacial de|)osits, 127 
Desor, M., on glaciers entering Plio- 
cene sea in Italy, 442 
Deveron, kames in vaUey of the, 220 
Diatoms, 127, 229 

Dimlington, glacial deposits at, 353 
366 

Dog, 504,548 
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JDon, liames in valley of the, 220 
Bora Baltea, 429 
Bora Eiparia, 428 

Bomoch Brith, ice-sheet in, 179; siih- 
marine hoHov^ in, 286 
Bonglas Burn, drift of, 121 
Bouglas Water, kames of, 219 
Brainage-system, preglacial, 134 
Brew, Mr., on ancient glaciers of the 
Himalaya, 402 

Brnmmelzier, morainic debris at, 197 
Brums of till, 13, 394 
Bundonald Parish, human relic in 
raised beach of, 300 
Bunfermline, kame at, 212 
Biinlop Bills, gravel terraces of, 229 
Biinse, kames at, 212 
Bimstafihage, gravelly morainic debris 
near, 216 

Biirnten, interglacial beds of, 423 
Busk Water, gravel in valley of, 221 
Bykehead, Lanarkshire, borings at, 
119, 120 


Eaglesham, gravel terraces near, 215 
Earn valley, crossed by glacier-ice, 
74 

Earth, change in position of its axis, 
85; sliding of its crust round the 
nucleus, 86 ; principal movements of, 
95 ; eccentricity of its orhit, 96 ; its 
rotation, 97 

East Anglia, glacial deposits of, 342, 
350 ; classification of drift of, 393 
Eccentricity of the earth’s orbit, 96 ; 

periods of high, 113 
Eckford, kames at, 212, 219 ; moraine 
near, 216 

Ecliptic, obliquity of the, 101 
Eden VaUey, drift of, 336 
Edge Island, Spitzbergen, 49 
Edinburgh Castle Eock, 19 
Eigg Island, submarine rock-basin 
near, 289, 291 

Eildon PliUs, terraces on, 297 
Eisblink glacier, 46 

Elephant, 160, 343, 391, 424, 430, 453, 
464, 508, 521, 549, 554 
Elio, shelly clay at, 253, 265; raised 
beaches at, 298 
Elk, 325, 424 

Elphinstone, ]\Iidiothian, boring at, 
119 

; Emys, 430 

Endrick Valley, drift deposits of, 164, 
177, 262 

England, submerged peat of, 309; 
glacial deposits of, 332 ; jjhysical and 
climatic conditions of, during glacial 
period, 340, 346, 362, 387 ; . caves of, 
501; physical and climatic conditions 


of, in palaeolithic and late glacial 
times, 532 

English Channel, sunk forests and peat 
in, 309, 310 

Equatorial current, 108 
Equinoxes, 97 

Erdmann, IMf. E., on Swedish inter- 
glacial beds, 407 

Erdmann, Prof. A., on Swedish fisar, 
407 

Erie clays of North America, 461 
Ermine, 509 
Erosion, aqueous, 322 
Erratics, in Scotland, 197, 216 ; at 
greater heights than parent rocks, 

200, 202, 404 ; carried by glaciers, 

201, 244, 246, 250, 341, 363, 365, 404, 
416, 420 ; how transported from 
lovrer to Iiigher levels, 205 ; carried 
by floating ice,. 236, 257, 416; of 
England, 341, 363 ; of Cromer clay, 
344 ; of great challcy boulder-clay, 
350 ; of Northem Eiiro|)e, 410 ; on 
the Plill of the Superga, 436; of 
North America, 477 

Escarpments of midland districts of 
England, 386 
Eskers, 395 
Esk Valley, till of, 72 
Essex, boulder- clay of, 350 
Etheridge (jim.), fc. B., on traces of 
former glacial action in paLnozoio 
rocks in Australia, 568 ; list of fossils 
from Scotch glacial beds, 571 
Etheridge, Mr., on fossils of Italian 
Pliocene, 432 

Euroi^e, ancient glaciers of, 400 ; gene- 
ral succession of glacial deposits in, 
488 ; climate of, to what due, 514; 
physical and climatic conditions of, 
dui’ing last interglacial }3eriod and 
last cold period, 552 
Evans, Mr., on change in position of 
earth’s axis of rotation, 85 ; on slid- 
ing of the earth’s crust round the 
nucleus, 86; on changes in pre- 
historic times, 505 ; on stone imple- 
ments, 522 " 

Eye Peninsula, Lewis, shelly clay in, 
183 


Falkiuk, kames at, 237 
Falsan, M., on ancient glacier of the 
Ehone, 421 

Faraday, Mr., cited, 28 
Farrar, gravel deposits in valley of 
the, 220 

Faults in Carboniferous strata of Scot- 
land, 272 ; do not show at smface, 
273 ; sometimes coincide in direction 
with valleys, 273 
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Favre, M. A., on fresiiwater "bed "be- 
tween glacial deposits at Hermance. 
425 

MUb caffer, 50S 

Fenland, geology of the, 355 ; super- 
ficial deposits of, 536 ; fiood-gravels 
of, 538 ; beach- and floor-gravels of, 
542 ; peat and silt of, 543 ; table of 
deposits of, 545 

Ferry-port-on-craig, raised beaches 
near, 298 

Fife, erratics in, 199 ; kames of, 212 
Findhom, kames of, 220; sand of, 
304 

Finland, winter temperature in, 90 
Fiord-basins, 287 

Fiords, filled with glacier-ice, 46 ; 
rock-basins in, 279, 287 ; origin of, 
388 

Flisk, submerged peat at, 308 
Flood-gravels, 217, 223, 230, 232, 235, 
248, 340, 347, 385 
Flower, Mr. J. W., cited, 506 
Fluvio-marine series of FTorfolk, 343, 
391 

Forbes, Mr. D., on ancient glacial 
action in Cordillera of S. America, 
484 ^ 

Forbes, J. F., on glacier motion, 28 ; 
on the transport of boulders upwards 
through a glacier, 203 
Forbes, fed., cited, 327 
Forest -bed of Cromer, 343, 387 ; of 
FTorth- western States of F. America, 
450 

Forests, of postglacial Britain, 306 ; 
causes of decay of, 312; historical 
account of old, 313 ; natural decay 
of, 318 ; climatic changes indicated 
hy, 319 

Forfarshire, kames of, 220 
Forster, Capt., cited, 106 
Fossils, in Scotch till, 129; of hriek- 
clays, 257 ; list of, in Scotch glacial 
beds, 571 ; notes on localities where 
found, 603 

Foiu’iieaus:, slope of debris at, 27 
Fox, 325, 509 
Fraas, Prof., cited, 548 
Fracture and regelation of ice, 28 
France, jpalcsolithic beds of, 549 
Franklin, Sir J., cited, 447 
Fraser, Dr., cited, 163 
Fraserburgh, till of, 180 
Frith of Forth, direction of stria? in 
neighbourhood of, 66; shelly clays 
adjoining, 253, 256 ; submarine hol- 
low ill, 285 ; depth of mud in, 286; 
raised beaches of, 298, 299, 300; 
blown sands of, 304 
Frith of Tay, submarine hollow in, 
286 ; raised beaches of, 298, 300 


Frith of Lorn, submarine hollow in, 
287 

Frog, 129 

Frost, action of, 42, 55, 322 

G-alicia, ancient glaciers of, 401 
Galloway, drift of, IS ; old glaciers of, 
66; morainic debris of, 197, 217; 
erratics of, 194, 246 
Garabost, Lewis, shelly clay at, 183 
Garpal Water, section of iift in val- 
ley of, 122 

Gastaldi, Sig., on Italian moraines, 
&c., 429 ; on Pliocene lignite and 
alluvium of Piedmont, &c., 430; 
cnticism of Desor’s and Stopanni’s 
views, 442 

GeiHe, Prof. A., on till of Tinto Hill, 
74 ; on glaciation of Caithness, 179; 
on interglacial beds, 125; on striated 
pavements in till, 130 ; on Kilehattan 
brick-clay, 256 ; on fossils of raised 
beach, 30 

Geographical changes, climatic in- 
fluences of, 86 

German Ocean, depth of, 79, 311 ; 
meeting of Scotch and Scandinavian 
ice in, 80 ; sunk peat in, 310 
Girvan, shelly clay at, 254, 262 
Glacial action, traces of former in 
palaeozoic, mesozoic, and cainozoic 
strata, 567 

Glacial deposits of Scotland, 4, 59, 71, 
116, 130, 142, 153, 160, 173, 186, 196, ‘ 
210, 226, 238, 253 ; of England, 332, 
350, 366 ; of Ireland, 394 ; of Scan- 
dinavia, 403 ; of Switzerland, 419 ; 
of Carinthia, 426 ; of Italy, 428 ; of 
North America, 446 
Glacial epoch, date and duration of, 114 
Glacial erosion, effects of, 67, 278, 289, 
388 

Glacial lakes, 146, 227, 230, 231, 250, 
251, 480 

Glacial rivers, 51 ; mud of, 41, 61 
Glaciated rocks below glaciers, 40 
Glaciation of Scotland, 17, 63, 71, 609 ; 
of northern and midland districts of 
England, 385 ; of Scandinavia, 404 ; 
of North America, 456 
Glacier motion, cause of, 28 
Glaciers, origin of, 25 ; temperature of, 
32 ; size of, 38, 45 ; striated rocks 
below, 40; alpine, 42; arctic, 45 
Glaciers : Nant Blanc, 204 ; Phone, 
204; Lechaud, 208; Talefre, 208; 
Gietroz, 250 
Glenavon, peat of, 307 
Glencarse, clay beds at, 254 
Glengavel "Water, gravel of, 221 ^ 

Glen More, glacial deposits of, 217 
Glen Poy, Parallel Poads of, 227 
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Glen 'V^^ater, sections of drift in valley 
of, 19, 122, 124 
Glutton, 508 
Goat, 430, 548 

Godwin-Austen, on condition of the 
German Ocean area in postglacial 
times, 310; on age of cave mam- 
. malia, 524; on erratics in French 
Carboniferous, 569 ; on ditto in Kew 
Fed Sandstone, 569 ; on ditto in 
Chalk, 569, 

Goodchild, Mr., on drift, 243 ; on drift 
of Eden Yalley, 336 ; on ice-sheet of 
north-west of England, 339 
Grand Sable, Lake Superior, forest- 
bed at, 454 

Grangemouth, buried channel at, 140, 
146 

Great challj^” bonlder-clay, 350 ; beds 
in, 351 ; of Yorkshire, 352; origin 
of, 353 ; proofs of its local origin, 
355 ; glaciation of England during 
deposition of, 362 ; absence of shells 
in, 388 

Greece, palfeolitMc implements in, 549 
Green, Prof., on comparative glacia- 
tion of northern and midland dis- 
tricts of England, 386 
Greenland, its glacial aspect, 44 ; gla- 
ciers of, 45 ; winter and summer 
temperatures of, 88, 105 
Greenlaw, kanies at, 212, 235 
Greskin Burn, Eumfiiesshire, till of, 
14 

Gulf-stream, its influence on climate, 
88 ; origin of, 109 ; change in direc- 
tion of, during glacial epoch, 109 
Gumjelms, Hr. O., cited, 405 
Gunn, Mr., his laminated series ” in 
the Cromer drift, 343 

Haast, Dr,, on glaciers of Ffew Zea- 
land, 485 s 

Hadding-tonshire, kames of, 212 
Hall, Capt., cited, 53 
Hammerfest, winter and summer tem- 
peratures of, 88 

Hardman, Mr. E. T., on Irish glacial 
deposits, 395 

Hardpan, or unmodified drift of Ame- 
rica, 448 
Hare, 509 

Hai-mei, Mr. F. 'W., on glacial de- 
posits of East Anglia, 342, 372 
Harris, submerged peat at, 309 
Hayden, Dr., on rock debris of Eocky 
Mountams, 42; on valleys of Eoeky 
Mountains, 274 ; on moraines of do., 

", 457.:; '' ’ 

Hayes, Dr., his excursion on inland ice 
m Greenland, 53; on arctic icebergs, I 
56 ; on fossils in arctic regions, 82 


Hazel, 127, 306, 309 
Heat transmitted through ice, 32 
Hebrides, Outer, over-ridden by glacier- 
ice, 77, 182 

Hector, Dr., cited, 485 
Heer, Prof., on interglacial beds of 
Switzerland, 424 

Helland, Mr. Amund, on rate of motion 
of Greenland ice, 49; on thiclmess 
of ice in some jN’orwegian fiords dur- 
ing the glacial period, 404 
Henderson, Mr. J,, on interglacial peat 
bed, 126 

Herschel, on obliquity of the ecliptic, 
101; on efiects oi eccentricity of 
earth’s orbit, 102 
Hertford, till of, 350 
Plessle gravel and sand, 372 
Hessle boulder-clay, 373 ; cause of its 
coloui’, 382 

Hickory, shell-bark, 453 
Highlands, Scottish, diift of, 13; di- 
rection of stria3 in, 17, 63 ; morainio 
debris of, 197; erratics of, 199; 
valleys of, 388 

High-level gravel terraces, 215, 229, 
331 ' Y » 

Hillhead, interglacial beds at, 126 
Hills, configuration of, in Scotland, 17 
Himalaya, snow-line in the, 33 ; rock- 
dohiis of, 26, 68 ; ancient glaciers of, 
402 

Hippopotamus, 343, 391, 430, 508, 549 
Hitchcock, Prof., on buried river-chan- 
nels, 142 ; on kames, 476 
Hind, Prof., cited, 449 
Hofer, Prof., on glacial deposits of 
Carinthia, 426 

Holderuess, diift of, 352, 368 
Holland, sunir forests of, 309 
Holmstrom, Mr., on Swedish inter- 
glacial beds, 406 

Holst, Dr., on origin of asar, 415 
Holstein, sunk forests of, 309 
Hooker, Dr., cited, 402, 507 
Home, Mr. J., on erratics of the 
Merrick, 200 ; onrock-hasin in Irish 
Channel, 294 ; on glaciation of the 
Isle of Man, 336 

Horse, 127, 343, 504, 509, 548, 554 
Howden, Dr., cited, 261, 609 
Hoxne, palseohtMc beds at, 525 
Hughes, Prof., cited, 366 
HuH, Prof., cited, 337, 395 
Humber^ glacial deposits in valley of 
the, 372 ; pregiacial bed of the, 388 
Humboldt glacier, 45, 57 
Hmnmel, Mr. D., on origin of asar, 
414 

Huntingdon, till of, 354 
Huxley, Prof., cited, 129 
Hyaena, 508, 549 
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Icebergs, transport of stones by, 48 , 56 , 

62 ; do not striate rock-surfaces, 58 
Ice-foot of G-reenland, 54 ; of Scotland 
during glacial x^eriod, 194 
Ice-rafts, transport of rock debris by, 
55 

Ice-sheet in Scotland, 64 ; Scotch, 
coalesces with Scandinavian, 79,178, 
181 ; in England, 335, 339, 353, 360, 
362, 363, 382 ; in Ireland, 397 ; in 
Scandinavia, 404; in North America, 
458 

Ice, transmission of heat through, 32 
Illinois, interglacial beds of, 450 
Indiana, interglacial beds of, 452 
Innermessan, shelly till at, 168 
Inner Sound, rock-basin in, 287, 288, 
290 

Interglacial beds, Scotch freshwater, 
117 ; borings through, 119, 361 ; I 
crumx)led and contorted, 123, 132 ; | 
■in G-len Water, 124; in Leithen 
Water, 124, 153 ; fossiliferous, in 
Slitrig Water, 124 ; fossiliferous, in 
Carmichael Water, at Chapelhall, 
Craiglockhart, Eedhall Quarry, Over- 
town, Hillliead, Eoughwood Quarrj^, 
Crofthead, Carham, 125—129 ; how 
lereserved, 131, 137, 383, 466; in 
old course of the Avon, 138; at 
Neid^Dath, 143 ; at New Kili)atrick:, 
145 ; near Grangemouth, 146 ; cli- 
matic condition of Scotland during 
deposition of, 155 ; at Woodhill 
Quarry, 160 ; marine, 160, 260, 263, 
366; at Chapelhall, 163, 175; at 
Oakshaw Hill, 163, 174; at Croft- 
amie, 164 ; at Invernettie, 166 ; at 
King-Edward, 166; of Lewis, 169; 
of Lancashire, &c., 337, 339 ; of East 
Anglia and north-east, &c., 352, 361, 
364, 366, 371, 372, 375, 376, 379; of 
Sweden, 406 ; of Svdtzerland, 423 ; 
of Italy, 430; of North America, 
450 

Inverness, gravel dej)Osits near, 220 
Invernettie, drift dex)osits of, 166 
lo'wa, interglacial forest-bed of, 454 
Ireland, submerged XDeat of, 309 ; gla- 
cial dex)osits of, 394 ; morainic debris 
of, 39 1- ; boulder-clays and inter- 
glacial beds of, 395 ; eskers of, 395 ; 
high-level marine drifts of, 397 ; suc- 
cession of changes in, dming glacial 
j)eriod, 397 ; postglacial dei)osits of, 
399 

Irish elk or deer, 127, 325, 343, 391, 
509, 549 

Irish Sea, filled with glacier-ice, 66, 
294, 335 ; rock-basin in, 292, 294 
Iron Age, 495 

Irvine, llr. D. B., on shelly till of 


Wigtownshire, 168; on erratics of 
Binns of Galloway, 197 
IsocMmenal Hnes, 90 
Isotheral lines, 90 
Isothermal lines, 90, 516 
Italy, lakes of, 276; glacial deposits 
of, 428 ; moraines in, 429 ; Pliocene 
sands in, 429 ; diluwum, 430 ; shells 
of the Pliocene sands in, 432 ; erra- 
tics of the Moncalieii-Valenza Hills 
in, 436 ; Miocene of, 487 ; succesaon 
of changes in, during glacial period, 
439 ; PHocene shells and striated 
stones in morainic dei)Osits of, 441 ; 
neolithic deposits, Arc., in Northern, 

548 ; palyeolithic fauna in lignite of, 

549 

Jack, Mr. E. L., on diift of Endrick 
I Yalley, 164, 176 ; on interglacial age 
of Clyde hrick-elays, 260 ; on age of 
shelly clays of Endiick Yalley, 262 ; 
on glacial origin of Loch Lomond, 
279 ; on ice-sheet in England, 363 
Jamieson, 2^Ir. J. E., on 
heds of Aberdeenshire, 162 ; on 
Caithness till, 165, 178 ; on shelly 
till of Invernettie, &c., 166 ; on age 
of Caithness tiU, 182; on snowfall in 
west of Scotland during glacial 
period, 183 ; on kames in north of 
Scotland, 220 ; on absence of kames 
in Caithness, 222 ; on Parallel Boads 
of Glen Boy, 227 ; on stratified drift 
at high levels, 232; on morainic 
origin of certain kames, 241, 245 ; on 
arctic shell-beds of Al)erdeenshixe, 
254 ; on age of shelly clays, 261, 
262 ; on raised beach of Aberdeen- 
shire, 300 ; on hlovui sands, 304 
Jeffreys, Mr. Gwyn, cited, 300 
Judd,‘'blr. J. W,, cited, 569 
Junix^er, 306 

Jura Mountains, erratics on, 420 

EIaeeraria, traces of former ice-action 
in, 485 

Kale AYater, kames of, 219 
Kamchatka, rock debris in, 42 
Kames of Scotland, 211; associated 
with morainic debris, 215, 222, 243 ; 
origin of, 217 ; on denuded till, 223 ; 
toirential origin of certain, 231 ; on 
cols betw^een vaEeys, 232, 236 ; sub- 
glacial origin of certain, 238, 240, 
243 ; not of marine origin, 240, 246 ; 
morainic origin of certain, 241, 249 ; 
long, steexffy sided, 241 ; condition 
of country during deposition of, 
247 

Kames of England, 342, 385 ; of North 
America, 469, 476 
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Kane, Dr., on Hnm.'boldt glacier, 45; 
on Mary Mntnm Eiver, 51; on 
skeleton of musk-ox in ice-foot, 55 
Keillian, Mr., cited, 404 
Kelsea Hill, sections at, 372, 376 
Kelso, Eiver terrace at, 297 
Kelvin, deep korings in valley of, 145 
Kennan, kir., on rock debris of Kam- 
cbatka, 42 

Kennedy’s Channel, 52 
Ken river, 197 
Kent’s Cavern, 499 
Kilbarehan Hills, 63, 147 
Kilbiinie Loch, 147 
Kilehattan, brick-clay at, 256 
Kilkenny marble quarries, section at, 
396 

Kilmanrs, interglacial beds near, 160, 
^173 

Kilpatrick HiHs, glacial lake at foot 
of, 147 

Kilsyth, buried river-channel at, 140 
Kinahan, Mr., on sand deposits in Ire- 
land, 39G, 397 

King-Edward, di’ift deposits of, 166 
King, Mr. 0., cited, 403 
Kinross-shii’e, kames of, 220 
Kirkcaldy, shelly clay at, 253 
Kirkdale Cave, 380 
Kyles of Skye, 291 
Kype Water, gravel of, 221 


Lacxjstiiixe deposits, preglacial and 
interglacial, 144 
Lady Bay, shelly till at, 168 
Lake District, glacial deposits of, 334 ; 
ice-sheet of, 339 

Lake Erie, high-level terraces and 
moraines at, 468 

Lake, glacial, in valley of Clyde, 146 
Lake of Geneva, 275 ; of bTenchatel, 
275 ; of Italy, 276 

Lakes, distribution of, in Scotland, 237 ; 

varieties of, 268 
Lakes of North America, 448 
Lannnemixiii’ Hills, erratics on, 199 ; 
morainic debris , of, 216; kames at 
foot of, 235 

Laniont, Mr., cited, 49 
LanarksHre, kames of, 212 
Lancasliire, trend of ice-sbeet in, 336, 
339 ; lower boulder-clay of, 336 
Larch, 424 

Largo, submerged peat at, 309 
Larkliall, biuied river-channel at, 119, 

m 

Laurentian ice-sheet, 457 
Lebanon, moraines of, 402 
Leda clays of North America, 480 
Leeseite, 71 

Leicestershire, drift of, 354 


Leithen Water, interglacial beds at, 
124,153 
Lemming, 509 
Leslie, kames at, 212, 200 
Lesmahagow, 66, 72, 609 
Lesqtiereux, Prof., on |>lant-remains 
of interglacial deposits of Illinois, 
451 

Leven glacier, forming glacial lake in 
Clyde valley, 148, 609 
Lewis, glaciation of, 77, 182 ; shelly till 
of, 169, 182 ; erratics of, 199 ; absence 
of kames in, 221 ; lakes of, 268, 269 ; 
peat and buried trees of, 306 
Lignites of Switzerland, 423, 549 ; of 
Italy, 430, 549; of Germany, 548 
Lincolnslure, till of, 350, 354 
Linton, kame at, 212 
Lion, 508, 549 

Lisbon, winter temperature of, 89 
Little Omie’s Head, section at, 339 
Lochaber, Parallel Eoads of, 227 
Loch Lomond, 177, 279 ; map and sec- 
tions of, 608 

Lochs of Scotland: Loch Eoag, 77; 
LochDoon, 196, 274, 279, 283; Lochs 
Yoil, Lubnaig, of the Trosachs, 276 ; 
Loch Langabhat, 221 ; Loch Skene, 
268 ; Loch Leven, 269 ; Loch Trool, 
274, 279 ; Lochs Lydoch, Eannoch, 
Tummel, 276, 2S3 ; Loch Etive, 277, 
282, 287 ; Lochs Linnlie, Shin, 279 ; 
Lochs Long, Sunart, 280 ; Loch 
Broom, 283 ; Lochs Torridon, Cairn- 
halm, Fannich, Luichart, 283 ; Loch 
Eyne, 280, 287 ; St. Mary’s Loch, 
284 ; Loch Craignish, 287, 292 ; Gari- 
loch, Loch Alsli, 288 ; Lochs Hourn, 
CaiTon, 288, 291 ; Loch Kisliorn, 288 ; 
Loch Eishart, 288, 289 ; Lochs Dun- 
vegan, Sliell, 290 ; Lochs Blii'aca- 
dad, Eyiiorfc, Bhreatal, Scavaig, Ne- 
vis, 29i ; Loch Crinan, 292 
Lochar AYater, gravelly drift of, 221 
Loess of the Ehine, 550 
Logan, Sir A'/., cited, 4-54 
Lomond Hills, overridden by ice, 74 
Long Island (soe Lewis) 

Lower glacial series of Mr. S. Y. AA^ ood, 
348 

Lowlands of Scotland, till in, 13; erratics 
of, 199 

Lozeres, traces of lower glacial action 
in, 401 

Lubbock, Sir d., cited, 521 
Luce Bav, shelly till on shores of, 
168 

Lucy, Air. AA^. G., cited, 362 
Lugar, boring in valley of, 119 
Lyhster, submerged peat at, 308 
Lyell, Sir C., oncliang’cs of climate, 86, 
on origin of rock-basins, 275; on 
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sliell-marls, 324 ; Hs classification of 
Tertiaries,433; on English caves, 499 
Lynx, 509 

Macclesfield drift, 337 
Ilachairodus latidens, 391, 508 
Mackintosh, ]\£r., cited, 338 
Maclaren, Mr., on erratics, 199, 420 
Madrid, palseolitMc gravels at, 549 
Mahony, Ukir. J., on fossils of Crofthead 
interglacial beds, 127, 673 
Malar lake, asar in basin of, 408 
Mammalian remains in till, 129, 157; 
in interglacial deposits, 127, 129, 154, 
155, 160, 164, 176, 373, 379, 424, 430, 
453, 464 ; in postglacial deposits, 325, 
398, 427, 548 ; in palseolithic deposits, 
499, 508, 520, 536 
Mammoth (see Elexohant) 

Manchester, shelly till near, 337, 338 
Manor 'Water, preglacial coarse of, 144 
Man, relics of in postglacial deposits, 
300, 301 ; remains of, in Yietoria 
Cave, 381 ; relics of, in Swiss inter- 
glacial beds, 424; palaeolithic and 
neolithic imifiements of, 495 ; remains 
of, in Kent’s Cave, 499 
Maiirinch, kames at, 212, 220 
Marls, shelly, 324 
Maraiot, 508 
Martin cat, 509 

Martins, M. Oh., cited, 414, 429 
]\Iary Mintum Eiver, 51 
Mastodon, 453, 464 

Mediterranean ^Sea, climatic influences 
of, 516 

Megalonyx, 464 

Melrose, drift at, 119 

Merrick Mountain, erratics on, 200 ; 

moraines near, 217 
Michelotti, Sig., cited, 433 
Micliigan, diift of, 449 
Middendorf, M., cited, 555 
Mddle glacial series of IMr. S. Y. 
Wood, 348 

IMiddle sands of Lancashire and noith- 
• west, 337, 339; of Ireland, 395 
Migrations in palmolitMc times, 510 
Mnch, the, filled with glacier-ice, 77, 
188 

Minnesota, interglacial forest-bed of, 
,, 454 _ . 

Miocene period in northern Italy, 437 
Moel Tryfan, shelly drift on, 337 
Mohn, Mr., cited, 412 
Monlston, shelly clay at, 254 
Monreith, shelly till at, 168 
Mont Dieu, 212 
Montpellier Hill, driEt of, 397 
Montrose, shelly clay at, 254, 261 . 
Moor, Mr. 0., on traces of ice-action 
near Bath, 362 


Moorfoot Hills, till of, 72 ; morainic 
debris of, 216, 222 ; gravel terraces 
of, 231 

Moose deer, 325 

Moraines, originof, 41 ; suhniarine, 49 ; 
190; absence of superficial, during 
formation of Scotch till, 67 ; in 
mountain-vallevs, 216, 251, 342, 395, 
401, 402, 403, 426, 429, 457 
Morainic debris of Scotland, 196 ; 
originof, 198, 216, 243; condition of 
Scotland during deposition of, 247 ; 
of north-west of England and Wales, 
340 ; of Ireland, 394 
Moray Erith, ice-sheet in, 179 
Morehattie, gravel and moraines near, 
216 

Morlot, M., on two glacial periods in 
Switzerland, 425 

Morschweil, interglacial beds at, 423 
Mortfllet, M., cited, 429 
Mosely, Canon, on glacier motion, 29 
Motram, shelly drift at, 338 
Mountains of Scotland, configuration 
of, 17, 65 

Miihlberg, hlr., cited, 427 

MuU of daUoway, shelly till of, 168 

Musk-ox, 52, 55, 508 

Kar valley beds, 543 
Hsfathorst, IMr., on arctic plants at 
Cromer, 343 ; on interglacial beds, 
406 

Keidpath, sections of drift at, 18, 123 ; 
glacial lake at, 143 

Keolithic period, 496; imi^lements of, 
their distribution, 530, 551 
Kewherry, Dr., on forest-bed of Ohio, 
455; on origin of till, 461; on great 
inland sea in Kortli America, 461; 
on succession of changes in Ohio 
dm'ing glacial period, 462 ; on origin 
of beds overhung the “forest-bed” 
of Ohio, 467 ; "on buried river-chan- 
nels, 476 

Kew England, floods resulting from 
melting of ice- sheet in, 470 ; ancient 
glaciers of, 485 

New Kilpatrick, borings at, 145 
Newport, raised beaches at, 298 
Nith, drums of till in valley of, 14 
Nithsdale, old glacier of, 66; gravel 
terraces of, 231 

Nordenskjold, Broi, on phenomena of 
inland ice of Greenland, 49 ; on 
direction of glaciation in Scandi- 
navia, 404 

Norfolk, glacial deposits of, 342, 350, 
354 

Norrie’s Law, 213 

North America, glacial deposits of, 
446 ; interglacial beds of, 450 ; gla- 
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ciation of, 456 ; tliiclmess of ice- 
sheet in, 459; origin of till of, 4f59 ; 
Erie clays of, 460; snccession of 
changes in, during ice period, 462 ; 
^‘clriftless area” of, 464; preserva- 
tion of interglacial beds of, 466; 
origin of beds overlying the forest- 
hed,’ ’467; terraces of Lake Erie, 468 ; 
flood-deposits of, 469 ; buried river- 
channels of, 476; kames of, 476; 
erratics of, 477 ; glacial lakes in, 
480; raised beaches of, 480; leda 
clays of, 480 ; local or valley mo- 
xaines of, 481 ; distribution of ossi- 
ferous remains in, 556 
Northamptonshire, till of, 354 
North Barra, probably overridden by 
ice, 184 

North Channel, rock-basin in, 292, 294 
Northern cbift of England, 364, 392; 

of Continent, 410, 550 
North Minch, filled with glacier-ice, 
77, 290 

North Eona, |)i’obably overridden by 
glacier-ice, 184 

North Sea (see German Ocean) 

North List, submerged peat in, 307 
Northumberland, kames of, 212 
North Wales, lower boulder-clay of, 336 
Norway, winter temperatui’e of, 90; 

glaciation of, 403 ; till of, 407 
Norvdch Crag beds, 343 
Novaia Zemblia, 42, 89 
Nutation, 101 

Oak, 306, 307, 324, 424 
Oakshaw Hill, arctic shell-bed at, 163, 
174, 189 

Obliquity of the eclq^tic, climatic effects 
of, 110 

Ocean currents, climatic influence of, 
90; cause of, 107, 112; change in 
direction of, during glacial conditions, 
109 

Ochil Hills, glaciated rocks of, 63, 74 
Ohio, interglacial beds of, 452 ; glacial 
dex^osits above forest-bed of, 467 
Omboni, Sig*., cited, 429 
Orbiston, Lanarksliire, section at, 119 
Orkneys, peat and buried trees of, 306, 
307, 308 

Ossiferous deposits (see PafeoEthic 
gravels) 

Orton, Prof., on interglacial beds of 
Ohio, 453 

Oscillations of level during glacial 
period, cause of, 487 
Ossiferous alluvia of Piedmont, 430 ; 

cause of, 

Otter, 509 

Otterwick Bay, submerged peat in, 308 
Outer Hebrides, traversed by ice from 


mainland, 77, 182 ; submarine rock- 
basin near, 290, 293 
Owen, Prof., cited, 164 
Ox, 548 

Pabbay, submerged peat at, 309 
Packard, Br. A. S., on drift of Labra- 
dor, 448; on glacial lakes of the 
White Mountains, 480 
Fagomys fcstidus^ 265 
Paisley Hills, 63, 74 
Palaeolithic gTavels, &c., 502; disturbed 
and irartiaUy reconstructed, 505 ; geo- 
logical age of, 520 ; alternating cold 
and wnmi periods dming deposition 
of, 520 ; commingling of different 
groups of animals in, 521, 522 ; rela- 
tion of, to glacial beds, 525 ; distribu- 
tion of, 528; preglacial and inter- 
glacial age of, 531 ; absent in Scan- 
dinavia, Holland, North Germany, 
and Eussia, 548 

PaloBolithio period, 496; changes in 
England during and since, 504, 531 ; 
climate of the, 508 

PalEeohtliic, neolithic, and ossiferous 
deposits of foreign countries, 547 
Palafitte, 548 
Palgrave, Mr., cited, 402 
Panther, 509 

Parallel Eoads of Glen Eoy, 227 
Passage of Tiree, rock-hasin in, 287 
Paul Cliff, 372 

Peach, Mr. C. W., cited, 362, 609 
Peach, Mr. B. N., on glaciation of 
Caithness, 179; on kames of Green- 
ock Water, 233 ; on submarine peat, 
308 ; on drift of Lesmahagow, 609 
Peat-mosses below postglacial deposits, 
302 ; submerged, 302, 308 ; composi- 
tion of, 305 ; trees below, 305 ; of 
maritime districts, 307 ; decay of, 
320 ; of Lancashire, &c., 398 ; Norwe- 
gian, 417 ; of the Fenland, 543 
Peccary, 464 

Peebles, river terraces at, 297 
Peeblesshire, drift of, 13, 75 ; moraines 
of, 217 ; kames of, 233 
Pengelly, Mr., on dei^osits in Kent’s 
Cavern, 499 

Pentland HUIs, glaciated rocks of, 63 ; 

till on, 74 ; erratics on, 199 
Perched blocks (see Erratics) 
Perihelion, 96 
Pfahlbauten, 548 

Phillips, Prof., on Torkshire drift, 
352 ; on northern drift, 365 ; on 
mammalian remains at Hessle, 373 ; 
on succession of geological changes 
in Yorkshire, 380 

Physiography of sea-hottom (Scottish 
and Irish Seas), 280, 286 
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Pig, 504, 548 { 

Pine, 306, 307, 424 ^ 

Plant remains in interglacial beds, 
125, 126, 127, 161, 406, 424, 450—455, 
451 

Plateau gravel of Norfolk, Torksbire, 
&c., 384 

Pliocenic alluvia and lignite of Italv, 
430 

Polar current, 108 
Port Iiogan, shelly till at, 167 
Portobello, shelly clay at, 253, 258 
Port William, sheUy tiU of, 168 
Postglacial beds of Scotland, 296, 305, 
321 ; of England and Ireland, 398 
Postglacial period, succession of 
changes during the, 326 ; no trace 
of warm period in, 524 
Precession of the equinoxes, 99 
Pregiacial beds in Scotland, 162 
Preglacial Britain, 387 
Preservation of beds below tiU, 131, 
137, 383, 466 

Prestwich, Prof., on Kelsea Hill beds, 
373 ; on river-gTavels, 521 ; on 
shells in river-gravels, 521 ; on 
river drifts at Hoxne, 525 
Purple boulder-clay of Yorkshire, 367 ; 
origin of, 369; cause of its colour, 
382 

PumpeUy, Mr., cited, 403 
Pyrenees, ancient glaciers of, 401 

Qtjeen Charlotte Islands, glaciation 
of, 403 

Eaasay Sound, rock-basin in, 287, 288 
Pacoon, 464 

liaised beaches, 296, 398, 412, 480 
Eamsay, Prof., his theory of the gla- 
cial origin of certain rock-basins, 
270 ; on origin of Menai Straits, 
336 ; on moraines of AYales, 340 ; on 
glacial action in Black Porest, 401 ; 
on glacial action in Permian times, 
569 

Pathlin Island, deflection-basin in 
front of, 293 

Peay, Caithness, drift of, 180 
Bed deer, 325 

BedhaU Quarry, interglacial peat at, 
126 

Beindeer, 160, 164, 177, 325, 508, 549 
Peiss, submerged i)eat at, 308 
Pliine, ancient glacier of the, 420 ; loess 
of, 550 

Phinoceros, 325, 343, 391, 424, 426, 
430, 508, 521, 549, 554 
Phone, modern glacier of the, 204 ; 

ancient glacier of the, 420, 422 
Pichardson, Sir J., cited, 447, 556 
Pink, Dr., cited, 50 


Bums of Galloway, erratics of, 197 
Piver-terraces, 251 
Piver-gravels, postglacial, 323 
Pobertson, Mr. D., cited, 126, 129, 162 
Hoches moutonnees, 71 
Pock-basins, of Scotland, 269; not 
formed by rivers or the sea, 270; 
not due to disturbances of rocks, 
271; do not lie in sjuichinal troughs 
nor in gaping fissures, 271 ; not due 
to unequal movements of elevation 
and depression, 275 ; eroded by ice, 
278; in sea-lochs, 280 ; silted up, 284; 
on sea-bottom ofl* Scotch coasts, 285 
Pock debris, preglacial, in Scotland, 67 
Pocks, waste of, in arctic and al],>iae 
countries, 67 

Pocky Mountains, rock debris of, 42, 
68 ; valleys of, 274; moraines of, 457 
Poebuck, 548 

Pomans, destruction of forests by the, 
312 

Pome, Pev. J. L., on glacial deposits of 
East AngHa, 342, 352, 366, 372 
Posales-Cigalini, Marchese, 441 
Poss, Capt. J., cited, 56 
Boss, Sir J. 0., on antarctic ice, 80 
Poxburghshire, kames of, 212 
Puberslaw, eiTatics from, 250 
Pum, deflection-basin at, 289 
Runton Gap, section at, 345 
Rutland, till of, 354 
PiitjTneyer, Prof., on the so-called Plio- 
cene of Italy, 444 

Sahara, a sea during glacial times, 422 
Saltpans, destruction of timber for, 316 
Sand and gravel beds of Scotland, 210; 
associated with morainic debris, 215, 
222 ; origin of, 217, 223; denuded 
' tm, 223 

Sandberger, Dr., cited, 549 
Sanday, submerged peat at, SOS 
Sand dykes, 139 
Sandhead, sliePy till at, 1 68 
Sandmek Bay, submerged jjeat in, 308 
Sars, 'Mr., cited, 417 
Scandinavia, glacial deposits of, 403 ; 
erratics at liigher levels than parent 
rocks in, 404 ; upper and lower till 
of, 405 ; interglacial beds of, 406 ; 
asar of, 407 ; erratics of, 409, 416; 
shelly clays of, 409 ; succession of 
changes during glacial period in, 
410 ; postglacial changes in, 416 ; 
peat-mosses and buried forests of, 417 
Scandinavian ice-sheet in North Sea, 
80, 178, 181 

Scania, fi*eshwater intergiacial deposits 
of, 407 

Scotland, general mer de of, 64, 67» 
77, 609 ; ice of, coalesces with Scan- 
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(Hnavian ice, SO; condition of, dur- 
ing interglacial times, 155, 263 ; 
ditto, during deposition of upper 
. 'boiilder-clay, 104; ditto, duiing 
transportation of erratics, 201; ditto, 

■ . during formation of kames, 224, 238 ; 
ditto, during deposition of, upper 
drifts, 247; nier de glace of abuts 
upon Irish, coast, 293 ; general sum- 
« ' mary of changes in, during glacial 
'*■ and postglacial times, 328 
Schimper, M., cited, 401 
Schussenried, paleolithic refuse-heap 
at, 548, 551 
Seal, 265, 301 

Sea-lochs of Scotland, 27 9 ; rock-basins 
in, 280 ; eroded by ice, 282 
Sedgwick, Prof., cited, 364 
Sheex3, 548 

Shelly clays (aqueous) below till, 162, 
163, 164, 166, 174, 176, 181 ; between 
two deposits of till, 163, 168; of 
maritime districts, 253 
Shelly till, of Endrick valley, 164, 176 ; 
of Invernettie, 164 ; of Erng-Edward, 
164; of Berwick, 164; of Caithness, 
165, 178 ; of Bahantrae, 167 ; of 
Clanyard Bay, 167 ; of Port Logan, 
167; at Monreith, Port ‘William, 
Oleshmahew, Lady Bay, Innermessan, 
Sandhead, Cloined Bum, Lewis, 168 ; 
origin of, 176 ; of Lancashire, &c., 336 ; 
of Canada, 450 

Siberia, winter temperature in, 89; 

ossiferous beds of, 554 
Sidlaw Hills, glaciated rocks of, 63; 
erratics of, 200 

Sierra Guadarrama, ancient glaciers 
of, 401 

Sierra Hevada, ancient glaciers of, 401 
Sierra Hevada of Cahfomia, 403 
Skae, Mr. H. M,, on glacial lakes in 
Hithsdale, 231 

Skertchly, Mr. S. B. J., on great cbalky 
tiU, 354 ; on palseolitbic gravels at 
Brandon, 506 ; on sux^erficial (teppsits 
' , of the Penland, 536 ; on palseolithic 
brick-earth below chalky boulder- 
clay, 565 

Slains, preglacial beds of, 162 
Sleat Sound, rock basin in, 287, 291 
Sleswig, sunlc forests of, 309 
Shtrig Water, interglacial beds of, 123 
Smith, Mr., of JordanhiU, cited, 163, 253 
Snow-line, 25 

Solent, ancient river- valley of the, 504 
Soliniis, Ms description of the Orkneys, 
314 

Solstices, 97 

Solway Frith, glacier -ice in, 66; 

raised beach of, 300 
Somerset, former ice-action in, 362 


SordelH, , Sig., on shells in morainic 
deposits of Italy, 443 
Sound of Mull, 292 

Sound of Jura, rock-basin in, 287, 292, 
294 

South America, traces of former glacial 
action in, 484 

Southern Hemisphere, why it has a 
cooler mean annual temperature than 
the Northern, 109 

Southern Uplands of Scotland, till of, 
IS; direction of strise in, 17, 63, 66, 
75 ; erratics of, 199 
Sowbacks of till, 13, 76 
Spey, kame-gravels of the valley of the, 
220 

Spithead occupies an ancient river- 
valley, 504 

Sponge, freshwater, 127 
Spreafico, Sig., cited, 441 
Stag, 424, 548 

Stainmoor, passage of ice-sheet across, 
336 

Stalagmite, formation of , 500 
Steinbach, lignite of, 458 
Steinbock, 426 

Stevenston, shelly clay at, 254; blown 
sand at, 303 

Stincliar valley, drift in, 190 ; morainic 
debris of, i97 ; raised beaches at 
month of, 288 
Stirling, 151 
Stoat, 509 

Stoddard, Prof., on a striated pavement 
in till, 450 
Stone Age, 495 

Stone iin|)lements in postglacial de- 
■ i:)osits, 301, 326, 398, 427, 548; in 
Kent’s Cave, 499, 501 ; distribution 
of palseolithic, 527 

Stones carried by ice-bergs, 48, 56 ; by 
ice-rafts, 55, 236, 416, 474, 480; 
in shelly clays, 257 

Stones in till or l3oulder-clay, character 
of, 9, 60 ; local distribution of, 12, 
73, 355 ; occasional bedded aiTange- 
ment of, 18 ; lines of, 18 ; whence 
derived, 67 ; curled or involved 
arrangement of, 69 
Stopanni, Sig., cited, 430, 441 
Stosseite, 71 
Stow, Mr., cited, 485 
Stranraer, shelly till near, 168 
Straths Afirick and Monar, 276 
Strath Bran, glacial deposits of, 217 
Strise, on rock- surfaces, 15 ; direction 
of, in Scotland, 16, 63; crossing sets 
of, 64, 72, 194, 248, 456, 609 ; below 
glacier, 64 ; height reached by, in 
Scotlah(l|j 65 ; direction of, in Scotch 
Lowlands, 66 ; deflection of, 74 ; 
direction of, in Caitlmess, in Fraser- 
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biirghj and along eastern seaboard of 
Scotland, 180; in estuary of Tay 
and Pifesliire, on sontbern shores of 
the Frith of Forth, at Coldingham, in 
valley of Tweed, in maritime dis- 
tricts of Northumberland, 181 ; in 
England, S3o ; in Scandinavia, Xola, 
and Finland, 4G4 ; in North Amexica, 
456 

Siiainabhal, roclie moiitonme, 77 

Subglacial torrential deposits, 241, 249 
Submarine banks in Irish Sea, 240 
Submariae, rock-basins, 279, 285 
Submarine peat, 307 
Submergence in Scotland duiing glacial 
peiiod, 188 

Suffolk, till of, 350, 354 
Suthei’land, Oolitic strata of, 179 
Swiss and Italian glacial deposits, co- 
relation of, 439 

Switzerland, glacial deposits of, 419; 
glaciation and erratics of, 420 ; till 
of, 422; ancient aiiiiviuni of, 423; 
inter glacial beds of, 423 ; postglacial 
beds of, 427 
Sycamore, 453 
S}Ticlinal troughs, 271 

Tables showing general succession of 
glacial deposits, 487, 545 ; Note B, 
Appendix, 570 

Table of Biitish sedimentary strata, 566 
Talk, silted up rock-basin in valley of 
the, 284 

Tallert Bank, 61 
Tamarack, 451 

Tangy Glen, section in, 162, 174 
Tent Moor, blown sand of, 303 
Terraces or ledges of gravel and sand, 
215, 229, 231 

Teviot valley, kames in, 219 
Thomson, Frof. J., and Sir W., cited, 29 
Tiddeman, Mr., on ice-sheet in north 
of England, 335, 339 ; on deposits of 
Victoria Cave, 381 
Tiger, 391, 508 

Till or boulder- clay of England, gene- 
ral character of, 334 ; irregular beds 
ill, 334, 350, 352, 371, 374, 3/6 ; 
variable colour of, 334, 355, 368 ; 
of north-west districts, 334 ; of Lake 
district, 335 ; character of stones in, 
335, 337, 350, 368, 374; character of 
the strim on the stones in, 335, 369 ; 
striated and broken rocks below, 335 ; 
louver, of the north-west, 336 ; upper, 
of the north-west, 337, 339 ; shells 
in, 337, 338 ; at Cromer, 343 ; lami- 
nated, 344 ; great chalky, 350 ; 
bedding in, 351; local character of, 
355 ; sticldiig to clays, 357 ; has 
travelled en misse, 358 ; passage of, 


into chalk, 359; stratified beds in, 
361 ; purple, of Yorkshire, 367 ; cui-led 
or involved arrangement of stones in, 
353; at Hessle, 373; dehris below, 
375 ; intrusive or injected, 378 
Till or boulder-clay of Ireland, 394, 
395 ; of Scandinavia, 405 ; of Switzer- 
land, 422 ; of North America, 448 
Till or houlder-clay of Scotland, 5 ; 
geologicalpositionof, 5; chaincterof, 
7 ; striated stones and boulders of, 
11 ; distribution of, 13, 73, 75 ; sow- 
backs or drums of, 13, 60, 76; 
smoothed rocks below, 15, 63 ; quasi- 
bedded arrangement of, in lee of crags , 
&c., 18 ; lines of stones ill, 18 ; irre- 
gular beds of gravel, sand, and clay 
in, 18, 69 j boulders and debris belowg 
18, 69 ; difference between low'er and 
uxiper deposits of, 19, 116, 193; origin 
of, 59, 193; not formed by local 
glaciers or icebergs, 62 ; whence de- 
rived, 67 ; accumulated under ice, 
68 ; curled or involved arrangement 
of stones in, 69 ; transport of, under 
ice, 73 ; at high levels, 74 ; beds in 
and below, 117 ; beds denuded and 
contorted below, 123, 124,125; fossils 
of, 129, 157 ; striated pavements in, 
130; how beds accomxjanjing, have 
been preserved, 131 ; buried river 
channels below, 137 ; resting on 
shelly-clay, 162, 163, 164, 166, 174, 
176, 181 ; containing intercalated 
beds of shelly clay, 163; shells in, 
164 (see Shelly Till) ; denuded below 
kames, 223 

Tillon Burn, preglacial channel of, 140 
Tiree, submerged peat in, 309 
Torfseus, cited, 314, 325 
Tornebohn, Mr., on Swedish erratics, 
404 ; on Swedish till, 405 ; on ^sar, 
408, 412 

Trade winds, cause of, 108; influence 
of, on ocean currents, 109 
Traigh Chrois, shelly till at, 169 
Traquair, morainic debris near, 197 
Trinmier, Mr., cited, 310 
Trinity, raised beach at, 299 
Tundras, 555 

Tyndall, Dr., on glacier motion, 28 
Tyne, shelly till at the mouth of the, 181 
Tyrie, brick-clay at, 259 
T}dler, Mr., cited, 315 
Tweed valley, drums of till in, 14, 76 ; 
old glacier of, 66 ; xireglacial course 
of river at Neidpath in, 143 ; morainic 
dehris of, 197; kames of, 237; 
erratics of, 250 ; terraces in, 297 

IT DDixGSTOx, brick-clay at, 255, 253 
Ulverstone, shelly till near, 337 
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Undertow of ice-slieet, 290, GIO 
Union Bridge, Tweed valley, tillnear, 16 
Upper drift of Scotland, 196, 210, 226, 
238, 253 

Upper glacial series of Mr, S. V. Wood, 
350 

Upper till or iDoulder-clay of Scotland, 
19, 116, 193 

Urns (see Bos primigemus) 

Utznacli, interglacial bed at, 423 

Tallay, submerged peat in, 309 
Tictoria Gave, 381 
Viscous theory of glacier motion, 28 
Vosges Mountains, moraines of, 241, 
401 

Wari), m. J. C., cited, 335, 339 
Wark, kaines at, 212 ■ 

“ Wash’’ of Durham coal-fields, 388 
Washington Territory, former glacial 
action in, 403 
Water-rat, 129 
Watson, Mr., cited, 307 
Waves of translation, theory of, 23 
Weasel, 509 

Weathering of rocks, 321 
Wener, Lake, terminal moraines in, 
409 

Western Islands of Scotland, glaciated 
from the mainland, 77, 80 
West Gordon, kames at, 235 
Westleton shingle, 343 
Wetzikon, interglacial beds at, 423 
Wexford gravels, 395 
Wigtownshhe, shelly till of, 167 
Wild halsani apple, 453 
Wild cat, 325 

Wilkes, Chmmodore,' cited, 80 
Williamson, Lev. Mr., cited, 402 
Willow, 306, 308, 324 
Wilson, Mr., cited, 42 
Wincheli, Brof,, on hardpan of Uorth- 


western States of America, 449 ; on 
forest-hed of Minnesota, 454 ; on 
origin of till, 460 ; on glacial de- 
posits above forest-bed, 462; on 
“ driftless area ” in Minnesota, 465 
Winds, their effect on climate, 87 
Wisconsin, interglacial forest-bed in, 
454 

Wishaw, buried channel near, 139 
Whitaker, Mr., cited, 351, 526 
Whiteadder Water, kames of, 219 
Whitney, Prof., on driftless area ” in 
Wisconsin, Iowa, and IMinnesota, 464 
Whittlesey, Mr., cited, 449, 452, 454 
Whale, 301 

Whymper, ]\Ir., cited, 27 
Wood, Mr. U., cited, 142 
Wood, ]\Ir. S. V., on shells of Scotch 
preglaoial beds, 162; on glacial de- 
posits of East Anglia, 342, 346, 348, 
349, 350, 352, 366, 372 ; on origin of 
challcy till, 353; on origin of York- 
shire purple boulder-clay, 370; on 
origin of Hessle boulder-clay, 374; 
on plateau gravel, 384 
Woodhall, Grmiston, boring at, 119 
Woodbill Quarry, Kilmaurs, inter- 
glacial beds at, 160, 173, 187 
Wolds of Yorkshire, ice-sheet of, 353, 
370 

Wolf, 325, 343, 464, 509 
Worthen, Mr., cited, 451, 455 

Y"ARE,pregiacial course of the river, 388 
Yarrow valley, glaciation of, 75 
Yvonne, Department of, traces of former 
glacial action in, 401 
Y^oung, Prof. J., cited, 124 
Young, Mr. J., cited, 161 
Y^orkshire, drift of , 352, 366 
YYhan Valley, kames of, 220 

ZuEicH, interglacial beds of, 423 
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